AMERICAN JOURNAL OF SCIENCE. 


[THIRD SERIES.] 


Art. of Mr. Alfred R. Wallace's Modifica- 
tion of the Physical Theory of Secular Changes of Climate ; by 
JAMES CROLL, LL.D., F.R.S.* 


On the publication of ‘Island Life,’ upwards of three years 
ago, the author kindly favored me with a copy. He at the 
same time wrote to me stating that the volume contained some 
modifications of my theory of secular changes of climate, to 
which he had been led by a careful consideration of the sub- 
ject, and that he would be glad to have an expression of my 
opinion in regard to his results. Deeply interested as I, of 
course, felt in the matter, I was however compelled, owing to 
the state of my health, to leave the volume unread till within 
the last few months. This fact will account for the appear- 
ance of the following remarks at this somewhat late date. 

I have read the chapters relating to Geological Climate with 
the greatest amount of interest and pleasure, and have to thank 
the author for his very clear and able exposition and defence 
of the main points of my theory. It appears to me, however, 
that what Mr. Wallace regards as modifications are in some 
cases really necessary parts of the theory. These may not, it 
is true, have been in all cases expressed by me, but they are 
nevertheless implied in the theory. Other points, again, re- 
garded as modifications are simply facts lying altogether out- 
side of the theory, which can in no way affect it. With much 
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that Mr. Wallace has advanced in explanation of geological 
climate I fully agree, but I am, nevertheless, wholly unable to 
perceive that any of his arguments or considerations do in 
reality materially affect the theory advocated in ‘Climate and 
Time.’ This I hope presently to show. 

Before proceeding, however, to examine in detail Mr. Wal- 
lace’s modifications of the theory, it may be as well to consider 
one or two minor points on which I differ from him, as this will 
save the necessity of referring to them when we come to dis- 
cuss his main argument. 

Effect of Winter Solstice in Aphelion—At page 126 (‘Island 
Life’) he says :—‘“ We may therefore say generally, that during 
our northern winter, at the time of the Glacial epoch, the north- 
ern hemisphere was receiving so much less heat from the sun 
as to lower its surface-temperature on an average about 35° F., 
while during the height of summer of the same period it would 
be receiving so much more heat as would suffice to raise its 
mean temperature about 60° F. above what it is now.” Ina 
foot-note he adds that ‘the reason of the increase of summer 
heat being 60° while the decrease of winter cold is only 35°, is 
because our summer is now below and our winter above the 
average.” 

There is surely a confusion of ideas here. It is of course 
true that, as our summer at present occurs in aphelion and our 
winter in perihelion, the temperature of the former is below 
and that of the latter above the average; but this can afford 
no grounds for the result Mr. Wallace attributes to it unless it 
be assumed (for which there are no astronomical grounds) that 
our summer is 25° further below the average than our winter is 
above it. 

On the Storage of Cold.—In a section on the Effects of Snow 
on Climate, Mr. Wallace points out the different effects pro- 
duced by water falling as a liquid in the form of rain and asa 
solid in the form of snow. ‘The rain, however much of it may 
fall, runs off rapidly, he states, without producing any perma- 
nent effect on temperature. But if snow falls, it lies where it 
fell, and becomes compacted into a mass which keeps the earth 
below and the air above, at or near the freezing-point When 
the snow becomes perpetual, as on the summits of high moun- 
tains, permanent cold is the result; and however strong the 
sun’s rays may be, the temperature of both the air and the 
earth cannot possibly rise much above the freezing-point. 
“This,” he says, ‘is illustrated by the often-quoted fact that 
at 80° N. lat. Captain Scoresby had the pitch melted on the 
one side of his ship by the heat of the sun, while water was 
freezing on the other side owing to the coldness of the air.” 
Doubtless this is perfectly correct; but on page 502 he states 
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that he has pointed out with more precision than has, he be- 
lieves, hitherto been done, the different effects on climate of 
water in the liquid and solid states. This is a somewhat 
doubtful statement; for in chapter iv, ‘Climate and Time,’ in 
Phil. Mag., March, 1870, and in other places will, I think, be 
found ali that this section contains. In fact the influence of 
snow and ice as a permanent source of cold is one of the main 
factors of my theory. The three great factors are (1) the influ- 
ence of snow and ice, (2) the influence of aqueous vapor, and 
(3) the influence of ocean-currents. How persistently has it 
been urged as an objection to my theory that, during the Glacial 
epoch, the great heat of the perihelion summer would more 
than counterbalance the effect of the aphelion winter. But I 
have maintained that, the summers, notwithstanding the inten- 
sity of the sun’s rays, instead of being warmer than at present, 
would in reality be far colder; for this reason, that the temper- 
ature of a snow-and-ice covered country can never rise much 
above the freezing-point. As an example of this I pointed out 
that, ‘were it not for ice, the summers of North Greenland 
would be as warm as those of England (whereas in point of 
fact they are colder than our winters); and that were India 
covered with an ice-sheet, its summers would be colder than 
those of England.’ 

“Another point,” he says, ‘of great importance in connex- 
ion with this subject is the fact, that this permanent storing-up 
of cold depends entire/y on the annual amount of snowfall in 
proportion to that of the sun- and air-heat, and not on the 
actual cold of winter, or even on the average cold of the year.”’ 
This, I have shown (American Journal of Science, Oct., 1883 ; 
Phil. Mag., Oct., 1883) at considerable length, is one of the 
most widespread and fundamental errors within the whole 
range of geological climatology. Perpetual snow, instead of 
being due “entirely” to the annual amount of snowfall in pro- 
portion to the quantity of heat received by the snow, is in 
most cases not even mainly due to this cause. Overlooking 
the fact, that in the conservation of snow the temperature of 
the snow is one of the main factors, has been a fruitful source 
of error. 

High Land and Heavy Snowfall in relation to the Glacial 
Epoch. According to Mr. Wallace, “high land and great 
moisture” are essential to the initiation of a glacial epoch. 
Undoubtedly high land and great moisture are the most favor- 
able conditions for bringing about a glacial state of things; 
but I can hardly agree with him that they are necessary and 
indispensable. 

As to the second of these conditions, great moisture is evi- 
dently necessary only in order to produce a great snowfall; a 
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great snowfall is necessary only in order that the snow may 
become permanent; and the permanent snow in turn is neces- 
sarv only in order to have permanent glaciation. But it has 
already been shown* that we frequently have permanent snow 
with a very light siowfall, even where the direct heat of the 
sun is excessive, as on the summits of lofty mountains. Green- 
land, for example, has but a very small snowfall, and yet the 
snow and ice are perpetual. What is necessary is, that the 
small amount which falls should not all melt. If this be the 
case, the ice will accumulate year by year, and a glacial condi- 
tion will ultimately result. 

Suppose that the annual precipitation of snow on a continent 
is equivalent to only 10 inckes of ice, and that at the end of 
each summer one inch remains unmelted, then, in this case, the 
ice will continue to accumulate year by year until the quantity 
annually discharged by the outward motion from the center of 
dispersion equals that annually formed. But in the case of a 
continent this condition can be attained only when the sheet 
at the center becomes of enormous thickness. Whether high 
land be necessary to a glacial epoch or not, it is-evident that a 
heavy snowfall is not an indispensable condition. 

As to the second of these conditions, namely, high land, it 
must be borne in mind that the question is not, Could the 
causes which are now in operation bring about a glacial condi- 
tion of things without high land? but, Could those physical 
agencies brought into operation during a high state of eccen- 
tricity produce a glacial state of things without high land? 
Mr. Wallace’s answer is that they could not. But I am not 
satisfied with the grounds on which he bases this opinion. A 
necessary condition to a glacial epoch is, of course, the exist- 
ence of perpetual snow; for without perpetual snow there 
could be no permanent land-ice. The question then is, Could 
not those physical agencies brought into operation during a 
high state of eccentricity cover lowlands with perpetual snow 
without the aid of high lands? Mr. Wallace replies, “ Per- 
petual snow nowhere exists on low lands.” Supposing this 
were true (I have endeavored to show it is not),¢ still it does 
not follow that perpetual snow may not have existed on low- 
lands, or that, when the present condition of things changes, it 
may not yet exist. It is not difficult to conceive how, under 
certain conditions, the snow-line may in some places have been 
brought to the sea-level. In arctic, or even in subarctic re- 
gions, an excessively heavy snowfall, followed by piercingly 
cold winds from the north, during the whole of the summer 
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months, would keep the snow at a low temperature and cer- 
tainly prevent it from disappearing. Keep the surface of the 
snow at or below the freezing-point, and melting will not take 
place, no matter how intense the sun’s rays may “be. A strong 
wind below the freezing: point will cool the surface of the snow 
more rapidly than the sun can manage to heat it. Another 
cause which would tend to keep the snow at a low tempera- 
ture would be that, along with a cold northerly wind, there is 
usually a great diminution of aqueous vapor, thus allowing the 
surface of the snow to radiate its heat more freely into stellar 
space. For were it not for the aqueous vapor in the atmos- 
phere, the snow-line, even at the equator, would descend to 
the sea-level.* 

Perhaps it is owing to the warm southerly winds of the two 
midsummer months that Siberia, even with its inconsiderable 
snowfall, is not at the present day covered with permanent 
snow and ice. Mr. Wallace mentions that “in Sibe eria, within 
and near the Arctic circle, about six feet of snow covers the 
country all the winter and spring, and is not sensibly dimin- 
ished by the powerful sun so long as northerly winds keep the 
air below the freezing-point, and occasional snow storms occur. 
But early in June the wind usually changes to southerly, and 
under its influence the snow all disappears in a few'days.” 
But what would be the consequence were these northerly 
winds to continue during the whole of June and July? It 
would probably be that the snow of autumn would begin to 
fall before that of spring had disapppeared. Were this to 
result, the country would soon become covered with perma- 
nent ice. Matters would be still worse if these southerly 
winds, instead of ceasing, were simpiy to change from June 
and July to December and January, for then, in place of pro- 
ducing a melting effect, they would greatly add to the snow- 
fall. 

Such a condition of things may never have obtained on the 
plains of Siberia; but I have shown in my paper on the Ice of 
Greenland and the Antarctic regionst that there are certainly 
good grounds for concluding that during the Glacial epoch, and 
even at a date more recent, permanent ice must have begun to 
accumulate on lowlands, which could not have been the case 
had not the ground been previously covered with perpetual 
snow. 

The only Continental Ice on the Globe probably on Lowlands.— 
The only two continents on the globe covered by permanent 
ice and snow are Greenland and the Antarctic. But are these 
continents to be regarded as high lands or as low lands? Mr. 

* See American Journal of Science for October, 1883; Philosophical Magazine 
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Wallace maintains that they are high lands. ‘It is,” he says, 
“only where there are lofty mountains or elevated plateaus, as 
in Greenland, etc., that glaciers accompanied by perpetua! 
snow cover the country. The north polar area is free from 
any accumulation of permanent ice, excepting the high lands 
of Greenland and Grinnel Land.” And in regard to the Ant- 
arctic continent, he says, “ l'he much greater quantity of ice at 
the south pole is undoubtedly due to the presence of a large 
extent of high land.” Were it not for these extensive high 
lands and lofty mountains, Greenland and the Antarctic 
regions, according to Mr. Wallace’s theory, would be free from 
permanent snow and ice. He, however, nowhere, so far as I 
can find, offers any proof for the conclusion that those regions 
possess extensive highlands, elevated plateaus, and lofty moun- 
tains sufficient to account for these icy mantles. In the paper 
just referred to (Phil. Mag., November, 1883), I have discussed 
this subject at considerable length, and have arrived at conclu- 
sions diametrically the opposite of those advocated by Mr. 
Wallace, viz: that Greenland and likely the greater part of 
the Antarctic regions consist of land probably not much above 
sea-level, and that the mass of ice under which they are buried 
must be due to some other cause than elevation of the land. 

Mr. Wallace's Modification of the Theory Examined. — Mr. 
Wallace’s chief, and, I may say, only real modification of my 
theory is this. I give it in his own words: 


“The alternate phases of precession—causing the winter of 
each hemisphere to be in aphelion and perihelion each 10,500 
years—would produce a complete change of climate only where a 
country was partially snow-clad; while, whenever a large area 
became almost wholly buried in snow and ice, as was certainly the 
case with Northern Europe during the Glacial epoch, then the 
glacial conditions would be continued, and perhaps even intensi- 
fied, when the sun approached nearest to the earth in winter, in- 
stead of their being at the time, as Mr. Croll maintains, an almost 
perpetual spring.” —p. 503. 

“When geographical conditions and eccentricity combine to 
produce a severe glacial epoch, the changing phases of precession 
have very little, if any, effect on the character of the climate, as 
mild or glacial, though it may modify the seasons; but when the 
eccentricity becomes moderate and the resulting climate less 
severe, then the changing phases of precession bring about a con- 
siderable alteration and even a partial reversal of the climate.”— 
p. 153. 

Again: “It follows that towards the equatorial limits of a glaci- 
ated country alternations of climate may occur during a period of 
high eccentricity, while near the pole, where the whole country is 
completely ice-clad, no amelioration may take place. Exactly the 
same thing will occur inversely with mild Arctic climates.”--p. 154. 
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I have, on the contrary, inaintained that the more severe the 
glacial condition of the one hemisphere, the warmer and the 
more equable would necessarily be that of the other; for the 
very same combination of causes which would tend to "cool the 
one hemisphere would necessarily tend to warm the other. 
The process to a large extent consists of a transference of heat 
from one hemisphere to the other. Consequently the one 
hemisphere could not be heated without the other being cooled,’ 
or the one cooled without the other being heated. The hotter 
the one, the colder the other, and the colder the one, the hotter 
the other. It therefore follows that the more severe the glacial 
conditions, the warmer and more equable must be the inter- 
glacial warm periods. But, according to Mr. Wallace, there 
could be no warm interglacial periods, either in temperate or 
polar regions, except during the commencement and toward 
the close of the Glacial epoch. 

Before, however, proceeding to examine in detail the steps 
by which he arrives at this modification of my theory, it will 
be as well that the reader should have a clear and distinct 
knowledge of what that theory really is, and what it professes 
to explain. These I shall now briefly state in the most general 
terms, for misapprehension in regard to the main features of the 
theory lie at the root of most of the objections which have been 
urged against it. 

General Statement of the Theory.—\st. It is not professed that 
the theory will account for the condition of climate during 
ali past geological ages. It treats mainly of the cause of 
glacial epochs; and one of its essential elements is that these 
epochs consist of alternate changes, to a greater or less extent, 
of cold and warm periods; or, in other words, that glacial 
epochs must consist of alternate glacial and interglacial periods. 
The chief, though not the sole, aim of the theory i is to account 
for geological climate in so far as such epochs are concerned. 
Although it could be satisfactorily shown, for example, and 
this has certainly not yet been done, that during some past 
geological age, such as the Miocene, the Eocene, or the Creta- 
ceous, the climate was throughout uniformly warm or sub- 
tropical, this would not prove that the theory was wrong, 
unless it could at the same time be shown that the necessary 
conditions demanded by the theory did then exist. But in- 
stead of this supposed condition of climate during Secondary 
and Tertiary periods being inconsistent with my theory, the 
fact is, as we shall see by ‘and by, that this theory affords the 
only rational explanation of such a state of things which has 
yet been given. 

2d. The theory is not that a high state of eccentricity will 
necessarily produce a glacial epoch. No misapprehension has 
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been more widespread or more difficult to remove than this. 
From the very commencement I have maintained that no 
amount of eccentricity, however great, could produce a glacial 
condition of things; that the Glacial epoch was the result, not 
of a high state of eccentricity, but of a combination of physical 
agencies, brought into operation by means of this high state.* 
As an example of this misapprehension, how frequently has 
the present condition of the planet Mars been adduced as 
evidence against the theory. ‘The eccentricity of Mars’ orbit is 
at present greater than that of the Earth’s even when at its 
superior limit; and its southern winter solstice is not far re- 
moved from aphelion. It is therefore maintained that, if my 
theory of the cause of the Glacial epoch be correct, the southern 
hemisphere of Mars ought to be under a glacial condition, and 
the northern enjoying a perpetual spring—and this, as is well 
known, is not the case. Here it is assumed that, according to 
the theory, eccentricity alone ought to produce a glacial epoch, 
irrespective of the necessary physical conditions. We know 
with certainty that those physical conditions which, according 
to the theory, were the direct cause of the Glacial epoch on our 
globe, cannot possibly exist on the planet Mars.t Just take 
one example ; either the properties of water on the planet Mars 
or the conditions of its atmosphere must be totally different 
from those of our earth; for were our earth removed to Mars’s 
distance from the sun, our seas would soon become solid ice 
and we could have neither snow nor rain, ocean-currents, nor 
any of the necessary conditions for secular change of climate. 
This is doubtless not the present state of Mars; but the reason 
of this can only be that the physical and meteorological con- 
ditions of the planet must be wholly different from those of 
the earth. 

When we reflect that a very slight change in the properties 
of aqueous vapor, or in the condition of our atmosphere, 
would effectually prevent the possibility of a glacial epoch 
occurring on our earth, notwithstanding a high state of eccen- 
tricity, we need not wonder that the planet Mars is not in a 
state of glaciation. But the eccentricity of Mars, though high, 
is still far from its superior limit, and the planet may yet, for 
anything which we know to the contrary, pass through a 
Glacial epoch. 

3d. Another prevailing misapprehension is the supposition 
that the theory does not recognize the necessity for geograph- 
ical conditions. In reading “ Island Life” one might be apt to 
suppose that one of the chief points of difference between Mr. 
Wallace and myself is that he regards geographical distribution 

* For this reason I prefer to term the theory the Physical Theory rather than 
the Eccentricity Theory. as it has been called by some writers. 
+ See ‘Climate and Time,’ p. 79. 
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of sea and land as an important factor in a theory of geological 
climate, whereas I entirely ignore this condition. Nothing 
could be further from the truth than such a supposition. | 
can boldly affirm that the necessity for geographical conditions 
is as truly a part of my theory as of Mr. *Wallace’s modification 
thereof. 

One of the most important agencies, according to my view, 
is the enormous amount of heat conveyed from equatorial to 
temperate and polar regions by means of ocean-currents, and 
the deflection of this heat, during a high state of eccentricity, 
from the one hemisphere to the other. But all this depends 
on ocean-currents flowing from equatorial to polar regions; 
and the existence of these currents in turn depends, to a large 
extent, on the contour of the continents and the particular 
distribution of sea and land. Take, as one example, the Gulf- 
stream, a current which played so important a part in the 
phenomena of the Glacial epoch. A very slight change in 
geographical conditions, such as the opening of communica- 
tion between the Gulf of Mexico and the Pacific, would have 
greatly diminished, if not entirely destroyed, that stream. Or, 
as I showed on a former occasion, a change in the form or 
contour of the northeast corner of the South American con- 
tinent would have deflected the great equatorial current, the 
feeder of the Gulf Stream, into the Southern Ocean and away 
from the Carribean Sea. One of the main causes of the ex- 
treme condition of things in Northwestern Europe, as well as 
in eastern parts of America, during the Glacial epoch, was a 
large withdrawal of the warm waters of the Gulf Stream; and 
this was to a great extent due, as I stated in my very first 
paper on this subject,* to the position of Cape St. Roque, 
which deflected the equatorial current into the Southern Ocean. 
That a geographical distribution of land and water permitting 
of the existence and deflection of those heat-bearing currents is 
one of the main factors in my theory is what must be obvious 
to every reader of ‘Climate and Time.’ 

The difference between Mr. Wallace and myself is this:— 
I maintain that with the present distribution of land and 
water, without calling in the aid of any other geographical 
conditions than now obtain, those physical agencies detailed in 
‘Climate and Time’ are perfectly sufficient to account for all 
the phenomena of the Glacial epoch, including those intercalated 
warm periods, during which Greenland would probably be free 
from ice and the Arctic regions enjoying a mild climate ; while 
Mr. Wallace, on the other “hand, maintains that without assum- 
ing some change in the geographical conditions of our globe 
those physical agencies will not account for that state of things, 


* Phil. Mag. for August, 1864. 
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at least in so far as the disappearance of the ice in Arctic 
regions is concerned. 

To narrow the field of inquiry, and bring more prominently 
before the mind the real question at issue, I shall state the 
main points on which Mr. Wallace and I appear to agree. 

Points of agreement.—1. Mr. Wallace agrees with me that a 
high state of eccentricity could never directly produce a glacial 
condition of climate ; that the Glacial epoch was the result, not 
of a high state of eccentricity, but of a combination of physical 
agencies brought into operation by means of this high state. 

2. He agrees with me also in regard to what these physical 
agencies re: eally were ; for the agencies to which he refers in his 
‘Island Life” are almost identically those which I have ad- 
vanced in ‘Climate and Time’ and elsewhere. 

3. Mr. Wallace agrees with me in regard to the mutual 
reactions of the physical agents. He maintains with me that 
these physical agencies not only all lead to one result—the 
accumulation of snow and ice, but that their efficiency in bring- 
ing about this result is strengthened by their interaction. At 
pp. 187-139 he gives a variety of examples of these inter- 
actions, and says that they “produce a maximum of effect 
which, without their aid, would be altogether unattainable.” 

4, As has already been shown, we agree as to the ne- 
cessity of certain geographical conditions for the production 
of the Glacial epoch. For although that epoch was mainly 
brought about by the physical agencies, yet these agencies 
could not have produced the required effect uniess the neces- 
sary geographical conditions had been supplied, these being 
necessary for their effective operation. 

5. Mr. Wallace admits, of course, that the necessary geo- 
graphical conditions existed during the Glacial epoch; for, 
unless this had been the case, no glacial epoch could have oc- 
curred. Therefore all that was required to produce glaciation 
was an amount of eccentricity sufficient to set the physical 
agencies into operation. Be it observed, it did not require, in 
addition to the physical agencies, some changes in the geograph- 
ical conditions, or some new conditions; for the geographical 
conditions being existent, all that was then required to bring 
about the Glacial epoch was the operation of the physical 
agencies. The overlooking of this fact has led to much con- 
fusion. For example, 210,000 years ago, with winter in 
aphelion, “the problem to be solved,” says Mr. Wallace, “is, 
whether the snow that fell in winter would accumulate to such 
an extent that it would not be melted in summer, and so go on 
increasing year by year till it covered the whole of Scotland, 
Ireland and W ales, and much of England. Dr. Croll and Dr. 
Geikie answer without hesitation that it would. Sir Charles 
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Lyell maintained that it would only do so when geographical 
conditions were favorable” (p. 136). Here we have a complete 
misapprehension of the relation between Sir Charles Lyell’s 
views and mine; for I would certainly maintain (and, I pre- 
sume, Dr. Geikie also) as emphatically as Sir Charles could do, 
“that it would only do so when geographical conditions were 
favorable.” For undoubtedly, according to the theory advo- 
cated in ‘Climate and Time,’ no glacial epoch could result 
without geographical conditions suitable for the operation of 
the physical agencies; and this is virtually what Sir Charles 
maintains. The Glacial epoch resulted during the last period 
of high eccentricity because the geographical conditions suit- 
able for the effective operation of the physical causes then 
existed. 

6. It is assumed in ‘Climate and Time’ that, the general 
distribution of sea and land, and other geographical conditions, 
with the exception of those resulting from oscillations of sea- 
level, afterwards to be considered, were the same during the 
Glacial epoch as they are at present.* Consequently, in ac- 
counting for the Glacial epoch I had only to consider the effects 
resulting from those physical agencies called into operation by 
an increase of eccentricity. To have speculated on hypotheti- 
cal conditions different from those which now obtain, and on 
the influence which these may have had in bringing about the 
Glacial epoch, would have been on my part perfectly absurd, 
as I knew we had no evidence of the existence of any such 
conditions. Besides, my aim was to account for that epoch 
from known and established facts and principles without the 
introduction of hypothetical causes. I fear that the fact of my 
making little or no allusion to geographical conditions in my 
explanations may have unfortunately led Mr. Wallace and 
others to conclude that I altogether ignore, or, at least, under- 
value their importance, which is certainly not the case. 

Although Mr. Wallace so frequently alludes to the impor- 
tance of geographical conditions, I am not sure if he believes 
that during the Glacial epoch those conditions differed mate- 
rially from what they are at present, or that glaciation could 
have been greatly influenced by any difference which did exist. 

Mr. Wallace alludes to one or two geographical condi- 
tions which, 7f they had existed during the Glacial epoch, would 
have greatly aided glaciation. As, for example, if a land- 

* Professor J. Geikie. however, believes that during early Post-glacial times 
a considerable change in the physical geography of the North seas took place 
(see ‘Prehistoric Europe.’ chap. xxii). In order to account for the floras of 
Greenland, Iceland and the Farée Islands, he thinks a land connexion must have 
existed between these places and Scandinavia. For reasons to be stated on a 
future occasion, [ am unable to agree with this conclusion. Professor Geikie, 
however, does not believe that the climatic condition of that period was in any 
way due to this change 
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barrier had extended from the British Isles, across the Farée 
Islands and Iceland to Greenland, cutting off from Northern 
Europe the warm waters of the Atlantic, including the Gulf. 
Stream. ‘The result,” he says, “would almost certainly be 
that snow would accumulate on the high mountains of Scandi- 
navia till they became glaciated to as great an extent as Green- 
land.” 

It would be easy to multiply cases of this kind where a dis- 
tribution of land und water different from the present might 
have been more favorable to glaciation than the present; but 
the question is, Did any such difference favoring glaciation 
actually exist during the Glacial epoch? I have never been 
able to find any evidence that it did. Many a change in geo- 
graphical conditions has taken place during Tertiary times, 
some of which were doubtless favorable to glaciation; but have 
we any evidence that during the Glacial epoch the geographical 
conditions were more favorable than they are at present? 
Unless this can be shown to be the case, there is no necessity 
for referring to a difference in geographical conditions during 
that epoch as a cause of glaciation. This being so, it does not 
follow, because in my explanation of the cause of the Glacial 
epoch I may not, like Sir Charles Lyell and others, have spec- 
ulated on the effects which might have resulted had the dis- 
tribution of land and water been different from what it is now, 
that I ought on this account to be charged with undervaluing 
the importance of geographical conditions. 

Mr. Wallace refers to one case of a difference in geographi- 
cal conditions which he thinks might have aided glaciation. 
Professor Dana has expressed the opinion that, during the 
height of the Glacial epoch, Northeastern America was con- 
siderably elevated, bringing the wide area of the banks of 
Newfoundland far above water. This, Mr. Wallace thinks, 
would reduce the southward-flowing Arctic currents, causing 
the icebergs to hang about the American shores, chilling the 
air so as to produce constant fogs and clouds with almost per- 
petual snow-showers, even at midsummer. But Professor Dana 
has also shown that during the Glacial epoch Northeastern 
America was depressed as well as elevated. Now the point is: 
whether the elevation was contemporaneous with the cold, or 
with the warm periods of the Glacial epoch? Mr. Wallace 
himself admits that depression, not elevation, of the land 
accompanied the increased cold; and he quotes Mr. Searles V. 
Wood, Jun., approvingly as holding the same opinion (p. 115). 
It was quite natural for Professor Dana to suppose that the ele- 

fation to which he refers occurred at the time the country was 
buried under ice; for when he wrote he believed the Glacial 
epoch was chiefly dae to elevation of the land caused by the 


i 
{ 
| 
| 
| 
i 
| 
i} 
HT 


Physical Theory of Secular Changes of Climate. 93 


lateral pressure resulting from the shrinking of the earth’s crust. 
It is now, however, pretty well established that the continental 
or elevated periods of the Glacial epoch, when our island was 
united to the mainland, were warm periods; for it was then 
that this country was invaded by tropical and subtropical 
mammals. Had the climate at that time been cold, and the 
country even partially covered with snow and ice, these animals 
would not have made their appearance. It is therefore prob- 
able that the elevation to which Professor Dana refers may 
have taken place during some of those warm periods.* But be 
this as it may, even were it proved that during the Glacial 
epoch geographical conditions were more favorable for the 
formation of ice than the present, this would not affect the 
general conclusion at which I wish to arrive. 

Trusting that these preliminary considerations may tend to 
remove the partial confusion in which this somewhat complex 
subject has been involved, I shall now proceed to examine Mr. 
Wallace’s main argument. 


[To be continued] 


[* The opinion advocated formerly, and now, by Mr. Dana, is that the more 
northern lands (or, in later papers, portions of northern lands), were more eleva- 
ted than now during the era of increasing and maximum ice, or the era distin- 
guished by him as the Glacial period; that this era was followed both in 
America and Hurope, by a subsidence of the same land initiating the Champlain 
period, and that this was the era of melting, and of the spreading of mammals 
northward, an impossible occurrence in America during the Glacial era; that 
another era of ice of much less extent occurred subsequently in Europe, if not 
also in North America, probably commencing with the epoch of the change in 
the land to its present level, and that this was the occasion of the destruction of 
the mammals of North Siberia, and other faunal changes. The evidences believed 
to favor these conclusions are stated in his various papers and his Manual of 
Geology, and need not be here repeated. “The latest discussion by him of the 
facts from Eastern North America as to the Champlain subsidence is contained in 
this Journal for 1882. 

Mr. Dana’s opivion as to the fact of an elevation of northern lands in the 
Glacial era (that is, the era as he defines it) was a conclusion from facts that had 
been observed in Europe and America, and not a supposition suggested by, or 
thought to be sustained by, any theory as to the cause of the elevation. The era 
of maximum ice he has always supposed to be that of maximum or nearly maxi- 
mum cold; and the Champlain era, following, an interglacial era (for Europe at 
least) of milder climate, in which the Mammoth and the associated mammais and 
other species of life, animal and vegetable, of the colder temperate and temperate 
latitudes, reached their farthest northern limit.—s. D. D.] 
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Art. XIII.— Communications from the U. & Geological Survey, 
Rocky Mountain division—V. On Sanidine and Topaz, etc., in 
the Nevadite of Chalk Mountain, Colorado; by WHITMAN 
Cross. 


CHALK MOUNTAIN is situated where Lake, Eagle and Sum- 
mit Counties join, and is also upon the boundary of the maps 
of the Mosquito Range and of the Ten-Mile mining district, 
which are soon to be published with monographic reports by 
the U. S. Geological Survey. The description of the nevadite, 
which forms the mass of the mountain, will therefore be brief, 
and all references to manner of occurrence, etc., omitted. It is, 
however, thought desirable to describe at once the following 
interesting minerals occurring in the rock. 

The nevadite, while showing local variations in structure, 

may be characterized as a porphyritic rock, showing large 
glassy sanidine and many smoky quartz crystals imbedded in 
a grayish ground-mass, which appears under the lens to be 
evenly granular, and is really so, with the exception of isolated 
glass particles revealed .by the microscope. Biotite is but 
sparingly present. This nevadite is one of the most beautiful 
of rocks, owing to its abundant, smoky quartz crystals and to 
a very delicate but brilliant, satin-like luster exhibited by the 
sanidines. This luster, or rather its cause, is the chief subject 
of these notes. 

The lustrous surface is in the ortho-diagonal zone and in- 
clined a few degrees to the ortho-pinacoid, as is evident, in the 
Carlsbad twins, usually polysynthetic, the luster reaching its 
maximum of brightness simultaneously in alternate plates. 
Microscopic investigation shows a most perfect parting parallel 
to the surface of luster and with a knife blade flakes can be 
split off in this direction even more readily than paraliel to the 
basal cleavage plane. Thin plates parallel to the base (O) show 
a very fine striation at right angles to the line of 72 and + to 
the directions of extinction. Thin flakes split off parallel to 
the lustrous surface show, under the microscope, that the luster 
is due to interference of light in passing the films of air be- 
tween the extremely thin plates produced by the parting. The 
thinnest flakes, composed of a few plates, are transparent and 
exhibit delicate colors of interference, while those composed of 
more plates are dull translucent, or opaque, the light having 
been completely extinguished by the repeated interference. 
The luster is, then, due to reflected light from the air films near 
the surface, and to its interference. By examination with a 
good hand lens a delicate play of colors may be seen upon the 
lustrous surface of the crystals. 
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At one point in the mountain, the nevadite, here unusually 
coarse-grained, was found to contain many small, round or 
irregular druses lined by minute but perfect transparent crys- 
tals, chiefly of sanidine and quartz. The 
quartz crystals are, for the most part, simple 
dihexahedrons; the sanidines thin tablets 
which are almost invariably Carlsbad twins 
with prominent development of the clino- 
pinacoid. Such crystals examined under, 
the microscope, as they lie upon the pre- 
dominant pinacoidal face, afford a means 
of determining approximately the position 
of the plane parallel to which the parting 
referred to takes place. The adjoining 
cut represents one of these crystals, a 
normal Carlsbad twin with a third and smaller plate, also 
in twin position. The faces shown are: J (110), 2-2 (010), 


(001), 1-7(101) and 2-7 (201) as indicated. From all the out- 
lines and from basal cleavage or irregular fissures run dark 
lines, in uniform direction for each individual of the twin, and 
penetrating varying distances into the crystal. This undoubt- 
edly represents an incipient stage of that parting, which, in the 
large crystals of the rock, occasions the brilliant luster, for 
these dark lines do not represent needles of any mineral sub- 
stance, but the air films filling the fissures. 

This parting may be seen upon all microscopic sanidine crys- 
tals of the rock, and even the irregular grains of that mineral 
in the ground-mass, when cut in the right direction, show a 
very fine delicate striation which is undoubtedly due to the 
same cause. As seen from the figure, the position of the sur 
face is that of a positive hemi-orthodome, for the cleavage 
plates of large crystals show the plane to be at right angles to 
the clino-pinacoid. Assuming the axial ratio 


0°653:1:0°552 and 64° 
as determined by Striiver* for free crystals of sanidine, the face 


corresponds closely to 45-7 (15°0°2). This would require an 
angle of 72° 40’ with the basal plane, while that measured in 
the crystal figured was 72° 53’. Of course this can not be 
regarded under the circumstances as anything more than an 
approximate determination. 

I am indebted to Professor G. vom: Rath for the information 
given during a recent visit in Denver, that a similar but much 
fainter luster frequently observed in crystals of adularia, has 
been proven by Reusch to be parallel to a surface in the ortho- 
diagonal zone inclined but a few degrees to the pinacoid, and 


* Cited by Tschermak, Lehrbuch der Mineralogie, 1883, p. 455. 
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probably identical with that above described. Unfortunately, 
neither the original nor any references to it are accessible to 
me, hence I cannot draw any further parallel between the two 
cases. 

Accompanying the quartz and sanidine in the cavities are 
minute leaflets of biotite, a few ore grains, and in a few druses 
only, very perfect crystals of colorless, transparent topaz. Usu- 
ally but a single crystal of topaz is present in one of the druses 
and that is larger and more perfect in development than any 
other. The topaz is attached directly to the walls of the cavity 
and often bears small tablets of sanidine upon it. The crystals 
which can be recognized as topaz vary from 0°5™ to 3™ in 
length, but it seems quite probable that there are some smaller 
ones indistinguishable from quartz. 

The determination as topaz rests upon the crystalline form, 
which is very distinct, and is that of common topaz. One 
crystal measuring 8™" in length and 1™™ in thickness was 
removed from the rock and its angles measured with a Fuess 
reflection goniometer. This crystal presents J (110), 7-2 (120) 
and 2-7 (021) as the dominant forms; O (001) is a narrow face 
and 4-2 (041) 2-2 (201), 2 (221) and 1 (111) are minute but very 
distinct. The angles measured are as follows: 

INI 124° 16’ 

i-2 Ai-2 over 7-4 98° 

ON 2% 136° 

ON1 134° 

OA2 115° 
2-2 appears as a very narrow face in the zone of 2to2. This 
is the usual habitus with occasional addition of 7-2 and a more 
prominent development of 0. This crystal is also imperfectly 
terminated ci the attached end showing 2-2 most prominently, 
with 4-2 and 2 also recognizable and there are no signs of 
hemimorphism. 

In some druses all crystals are thinly coated by a black in- 
crustation which seems to be pyrolusite. 

So far as I can ascertain, all previously known and described 
occurrences of topaz are in granite, gneiss or some other mem- 
ber of the series of metamorphic or crystalline schists. In the 
present case topaz is found in an eruptive rock, probably of 
early Tertiary age,- while the appearance of the associated 
minerals certainly suggests that they may all be sublimation 
products, though it is not capable of direct proof. The sani- 
dine crystals from the druses, examined microscopically, con- 
tain gas inclusions, while neither fluid nor glass inclusions were 
seen. 
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Art. XIV.—On the occurrence of the Lower Burlington Lime- 
stone in New Mexico; by FRANK SPRINGER. 


THE Burlington Limestone has been generally recognized as 
a well defined group of the Subcarboniferous ; but its division 
into upper and lower beds has not been favorably received by 
geologists outside of those who have collected at Burlington, 
Iowa, for the reason, as alleged, that the existence of two dis. 
tinct beds in this group is a local phenomenon, confined to the 
typical locality, and cannot be demonstrated elsewhere, though 
the group is well developed in many other places in the Mis- 
sissippi Valley. The separation of the two members of the 
group, as well as that of the group itself from others of the 
Subcarboniferous, is based chiefly upon the Echinoderms— 
the Mollusks being usually of greater vertical range, and m: any 
of the best known species being found throughout all the for- 
mations of the upper and lower Carboniferous. “It is only at Bur- 
lington that extensive systematic collections have been made 
with reference to the str: utigraphic position and distribution of 
the fossils, and there no difficulty is found in separating the two 
beds. The paleontological boundary between them is, indeed, 
much more sharply detined than that between the upper bed 
and the superincumbent Keokuk Limestone. No locality has 
been discovered which exhibits a commingling of types or 
species characteristic of the two beds, although it is to be ob- 
served that there are some interesting transitional forms, and a 
few persistent forms, mostly belonging to smaller types of eri- 
noids, like Cyathocrinus, which range through the Burlington 
and Keokuk beds with such slight modifications as to render it 
very difficult, if not impossible, to recognize specific distinctions. 

It is believed, however, that there are various localities in 
Missouri, in which the Lower Burlington is exposed. Prof. 
Worthen reports its occurrence at Mill Creek, six miles below 
Quincy, Ill, One locality is known in the vicinity of Sedalia, 
Mo., where both Burlington beds exist, although reduced to a 
few feet in thickness, each containing its characteristic species, 
and these identical with those found at Burlington. In a col- 
lection of about eighty species, examined by Mr. Wachsmuth, 
he did not find a single new form. 

Some observations made by the writer in 1882, in the Lake 
Valley Mining District, in Southern New Mexico, have brought 
to light a number of interesting facts bearing upon this ques- 
tion, not only confirming the views of the Burlington geolo- 
gists, as to the distinct character of the two beds, but demon- 
strating that the Lower Burlington Limestone has a geograph- 
ical range not hitherto suspected. 

Am, JOUR. SERIES, Vou. XX VII, No. 158.—Fes., 1884. 
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The region adjacent to the town of Lake Valley is charac- 
terized topographically by a succession of comparatively low 
hills, many of them gently sloping, others sharply defined and 
abrupt. The latter character prevails especially to the south- 
ward, where the hills assume the proportions of small moun- 
tains, and are formed of igneous rocks, sometimes in connec- 
tion with large trachytic dykes, extending for miles in length. 
To the north and northwest limestone predominates, and the 
strata are upturned toward the west at an angle of about 20°, 
but there are a number of dislocations by which the whole 
series of strata are brought up to this angle several times, 
giving rise to a succession of faults on a north and south line, 
of several hundred feet vertical extent. These dislocations 
produce the limestone hills, whose general eastern slopes coin- 
cide with the dip of the strata, while the western declivities, in 
which the edges of the strata are presented, are abrupt, and 
sometimes perpendicular. T'aults occur in other directions 
also, caused by the eruption or intrusion of veins of quartz, or 
other siliceous material, bearing mineral ores. Upon the east- 
ern slope of one of these limestone hills, the celebrated group 
of Sierra mines occurs, from one of which—the Sierra Grande 
—over a million dollars in silver was taken within a year. 
These mines appear to be large deposits of ore lying irregu- 
larly ‘between the limestone strata, where they have perhaps 
intruded from some subterranean fissure. The limestone in the 
vicinity of the mineral veins and deposits is greatly metamor- 
phosed, usually bluish, fine-grained, and highly siliceous. In 
many places it is chert. In some localities it is fossiliferous, 
vielding good collections, and at one of these the following sec- 
tion was made—the measurements being only approximate: 
No. 9. Cherty limestone, with irregular flinty masses. 

In places of a light gray color and full of crinoidal 

No. 8. Heavy-bedded crinoidal limestone, pink to drab 

in color, siliceous in places, with marly partings be- 

tween the strata, containing abundant crinoidal re- 
mains, bryozva, corals, and brachiopods, mostly silici- 
fied, 

No. 7. Thin-bedded bluish limestone, appearing mostly 
as a shale, containing crinoids, corals, brachiopods and 
bryozoa, 

No. 6. Pinkish to bluish limestone, hard and granular, 
containing a large proportion of sand, 6 feet. 

No. 5. Fine-grained, light yellow shaley clays with flinty 
nodules, 

No. 4. Coarse ferruginous limestone, in irregular beds, 
with marly partings, containing corals, crinoid plates 
and stems, 


30 feet. 


40 feet. 


20 feet. 


15 feet. 


30 feet. 
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No. 3. Dark brown ferruginous sandstone, heavy-bedded 
and hard below, shaly above, - 

No. 2. Very light yellowish shaly clays, with irregular 
flinty masses, without fossils so far as observed, 

No. 1. Unexposed slope, covered by debris, probably 

similar to No. 2, 80 feet. 

Beds Nos. 7 and 8 are the most important of this section 
paleontologically, and from them almost all the fossils collected 
were obtained. They are characterized by fragmentary disin- 
tegration, especially No. 7, which is generally found as a soft 
shale, and its fossils are calcareous. From this bed were ob- 
tained most of the Blastoids, the Agaricocrinus, small Rhodoeri- 
nus, Cyathocrinus, Barycrinus. In No. 8, most of the fossils 
are wholly or partially silicified, and the larger species of Pla- 
tycrinus and Actinocrinus seem rather to predominate. With 
these exceptions the crinoids are found irregularly throughout 
the two beds. The color of the rock is not a constant charac- 
ter, but is greatly affected by the proximity of mineral veins. 
In general appearance, and the mode of occurrence of. the 
fossils, these two beds are rather like the upper part of the Keo- 
kuk limestone as it occurs at Keokuk. They do not in the 
least resemble the Burlington Limestone in lithological charac- 
ters, but tested by their fossil remains, they belong unques- 
tionably to the Lower Burlington, which is developed here to a 
thickness not attained at any other known locality. 

Aside from the echinoderms, the fauna in general resembles 
more closely that of the Mountain Limestone of Belgium, than 
any other with which I am acquainted. It embraces types 
that have been found in the Kinderhook group, and its repre- 
sentatives, the Waverly, of Ohio, and the Choteau, of Missouri, 
and in all the formations from these to the Upper Coal-meas- 
ures. In their specific affinities, however, the fossils are un- 
mistakably Lower Carboniferous, the few exceptions being of 
types which have a great stratigraphical range, and are there- 
fore of least weight in determining the equivalency of the 
rocks. Nearly all the forms described from the Burlington 
limestone are represented here, if not by identical species, cer- 
tainly by similar types. The attempt to identify the brachio- 
pods of this locality from descriptions, and by direct campari- 
son with authentic collections from the Lower and Upper Car- 
boniferous rocks of the Mississippi Valley, has not been in all 
respects followed by satisfactory results, but it has demonstrated 
very clearly that there is an opportunity for some very inter- 
esting and valuable work in the systematic study of the Car- 
boniferous mollusks of Western America. 

The notes here given of the fossils of Lake Valley must be 
regarded as only preliminary ; they leave for future publication 
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and illustration the results of a detailed study of the collec- 
tions from this and other Lower Carboniferous localities in 
the Rocky Mountains, which I am convinced will yield very 
important data bearing upon the relations between the great 
Mississippi Carboniferous basin and its western equivalent. 


BRACHIOPODA. 


Productus semireticulatus, var. closely allied to the variety of 
this species recognized in the Kinderhook, and to the form de- 
scribed as P. setigerus, var. Keokuk, and its equivalent form in 
the Upper Burlington. 

P. , closely allied to P. vittutus of the Keokuk, and a repre- 
sentative form in the Burlington. 

P. , of the type of P. seabriculus of the Keokuk. 

P. — , of the type of P. arcuatus of the Kinderhook. 

P. —, of the type P. Shumardianus of the Kinderhook. 


It is possible that the last two forms may be the young of 
the P. semireticulatus. 


Chonetes , closely allied to C. Logani Norwood & Pratten 
(not Hall). 

Strophomena rhomboidalis, of the form found in the Kinderhook, 
at Burlington, and also in the Waverly group in Utah and 
at Mountain Spring, Nevada, described by Dr. White in the 
Report of the Wheeler E xpedition. 

Hemipronites crenistria. 

Orthis resupinata, very much like the O. Swallovi of the Upper 
Burlington. 

Orthis Michelina, strikingly near to the Belgian form of the 
species. 

Rhynchonella Missouriensis—the small form of the species de- 
scribed by Shumard. 

Camarophoria occidentalis Miller—closely allied to R. Cooper- 
ensis of the Choteau, and still more to an undescribed form 
occurring in the Upper Burlington at Augusta, Iowa. 

Spirifer extenuatus Hall, of the Kinderhook of Iowa, apparently 
identical with the form described under this‘vame by Dr. White 
from Mountain Spring, Nevada. ", very similar to S. Car- 
tert Hall (see Meek in Pal. Ohio, vol. 285), from the Wa- 
verly. Probably only a variety of the Ronse S. cuspidatus. 

S. striatiformis Meek, a well marked form closely allied to S%. 
striatus of Europe. 

S. centronaius Winchell. 

S. peculiaris (?) Shumard, apparently identical with the form 
from Mountain Spring, Nevada, referred by Dr. White to this 
species. It is well represented, shows constant characters, and 
is probably a new species. 

S. Nova Mexicana Miller. 
irifert , Similar to S. spinosa of the Chester. 
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Martinia , of the type of M. lineata. A similar form from 
the Lower Carboniferous of Utah is referred ny H. & W. to &. 
setigera. 

Cyrtina , probably new; allied to C. acutirostris of the 
Lithographic Limestone of Mo. 

Athyris lamelfosa. A. incrassatus, Hall. A. parvirostris, M. & 
W. These three forms are not distinguishable from similar 
forms occuring in the Keokuk, Upper and Lower Burlington, 
and Waverly groups. 

Terebratula Burlingtonensis White ; Kinderhook. 

T. Utah H. & W.—very similar to the form from the L. Car- 
boniferous of Utah. 


In addition to the brachiopods, there is an Allorisma like A. 
Hannibalensis ; a Conocardium, probably new ; Chemnitzia; two 
species of Platyceras ; Trematodiscus Rockymontanus Miller ; 
a Phillipsia and a Proetus; a Zaphrentis and two other corals ; 
and a large number of Bryozoa. 


ECHINODERMATA. 


It is the Echinoderms, however, that constitute the most im- 
portant feature of the collections, for they determine the equiv- 
alency of the formation. They consist of about 45 species of 
Crinoids, and 5 species of Blastoids, which are distributed as 


follows: 


ICHTHYOCRINID &. 
Taxocrinus Thiemei. 


Cy ATHOCRINID &. 


Cyuthocrinus Iowensis ; C. enormis. Wasocrinus macropleurus. 
Barycrinus Wachsmuthi ; B. cornutus; B. rhombiferus. 
Coeliocrinus ventricosus. 

PLATYCRINID&. 

Platycrinus subspinosus ; P. planus ; P. pocilliformis ; P. pilei- 
formis; P. verrucosus; P. regalis; P. corrugatus; P. 
Burlingtonensis ; P. parvinodus; P. sculptus ; P. Shumardi- 


anus ; and 3 undescribed species. 
Dichocrinus » undescribed. 


Rhodocrinus Wachsmuthi ; R. Wortheni ; and one undescribed 
species. 
ACTINOCRINID. 


Actinocrinus proboscidialis ; A. coelatus; A. multibrachiatus ; 
A, opusculus ; A. tenuisculptus; A. Copei. Agaricocrinus 
planoconvexus ; A. pyramidotus. Amphoracrinus divergens. 
Eretmocrinus corbulis. Dorycrinus unicornis. Physetocrinus 
ornatus. Steganocrinus pentagonus; S. sculptus; S. araneolus. 


. 
= 


102 F&. Springer—Burlington Limestone in New Mexico. 


SYMBATHOCRINID&. 


Symbathocrinus , 2 species undetermined. 


BLASTOIDEA. 


Granatocrinus , 2 undescribed species. 
Troostocrinus , 1 undescribed species. 
Coduster , 2 undescribed species. 

Of the crinoids the most abundant species is Actinocrinus 
proboscidialis, which is found in all its varieties of ornamenta- 
tion, size and form. This is probably the most characteristic 
fossil of the Lower Burlington Limestone, at the typical lo- 
cality. It is subject to considerable variation in the features 
alluded to, yet is a very well marked species. Upon compar- 
ing a large number of well preserved specimens from Lake 
Vallev, 1 am constrained to believe that A. Dalyanus, de- 
scribed by Mr. Miller from this locality (Jour. Cin. Soc. Nat. 
Hist., Dec. 1881), is only A. proboscidialis, Next to this the 
forms most frequently found are Steganocrinus pentagonus, 
Platycrinus planus and P. subspinosus, Physetocrinus ornatus 
and Lthodocrinus Wortheni, all peculiar to the Lower Burling- 
ton—the first and last of these, however, being among the 
rarer species at Burlington. Every one of the species named 
belongs to the Lower Burlington (leaving out A. Copec, which 
was described from Lake Valley), and the new species are of 
the same types. Not a single species has been discovered that 
is peculiar to the Upper Burlington, or any other group of the 
Subcarboniferous. No one familiar with the Burlington Cri- 
noids will entertain the least doubt that the rocks which pro- 
duce the species above enumerated are of the age of the Lower 
Burlington. 

The Blastoids, although all of undescribed species, are of the 
types which prevail in the lower beds of Burlington. 

Among the Crinoids the Ichthyocrinidze are most feebly 
represented—but a single specimen having been found. Next 
in variety are the Cyathocrinidz, of which only a few individ- 
uals were observed. The Rhodocrinide are comparatively 
common, while the Platycrinide and Actinocrinidz are numer- 
ous in individuals as well as species. 

The collection is remarkable for the entire absence of Bato- 
crinus, which is one of the most common forms in the lower 
beds at Burlington. All observations as to the comparative 
abundance or the absence of certain forms must be taken with 
much allowance, for it has been found that here, as at Burling- 
ton, species which are very common at one locality are rare or 
wholly wanting at another not far distant; and while the facts 
above stated may be taken as fairly accurate indications as to 
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the occurrence of the Crinoids at a few good exposures within 
a limited area, it is not improbable that they may be considera- 
bly modified by further researches, should other exposures be 
discovered in the same region. 

The relations of bed 9, of the Lake Valley section, are not 
so clear. It exhibits in some places irregular layers of a light- 
colored semi-crystalline limestone, largely composed of the stem 
joints and plates of Crinoids, that strongly resembles the Upper 
Burlington. But among the few fossils discovered therein, I 
was unable to find any characteristic upper bed species, with 
the possible exception of two fragments of fish teeth—a Cho- 
matodus and a Petalurhyncus—which are common forms in the 
Upper Burlington, but have not to my knowledge been as yet 
observed in the Lower. Further examinations may reveal a 
more chararteristic Upper bed fauna, but at present I am dis- 
posed to think this bed represents the cherty passage beds 
between the Upper and Lower Burlington. 

The strata below No. 7 may be referred, in part at least, to 
the Kinderhook group, but I cannot determine the line of sep- 
aration, because these strata, as well as those of No. 7, are 
mostly obscured by their own debris and the éalus of the 
heavier beds above. The molluscan fauna of the lower part of 
No. 7 is in many respects similar to that of the Choteau Lime- 
stone. It may be that these mollusks were associated with 
many species of Lower Burlington Crinoids, and that in this 
case, as in some localities in Iowa, they have continued to flour- 
ish longer, and appear higher in the beds, than at the typical 
locality of the Choteau. Bed No. 3 is similar in appearance 
to No. 5 of White's section at Burlington (Bost. Jour. Nat. 
Hist., vol. vii, p. 215), and Nos. 1 and 2 are apparently not un- 
like No. 1 of that section. A Rhynchonella found in form of 
casts in No. 8 very strongly resembles White’s R. pustulosa, 
and a small Spirzfer, similar to his S. solidirosiris, was collected 
from No. 6. Sufficient material has not yet been obtained 
from the beds below No. 7, for a satisfactory determination of 
their horizon. 

Some collections were made by one of Lieut. Wheeler's par- 
ties at Mountain Spring, Nevada, and Ewell’s Spring, in Ari- 
zona, which Dr. White has referred to the Kinderhook group 
(Rep. Wheeler Exped., vol. iv, p. 12). At the first locality 
some imperfect crinoids were found, and at the latter, in what 
was called the “ upper horizon,” a blastoid of the genus Gran- 
atocrinus. Considering the information we have of these local- 
ities, in connection with what has been observed at Lake 
Valley, I think it not improbable that further investigations 
will disclose the existence there also of one or both members 
of the Burlington group. 
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Art. XV.—The Minnesota Valley in the Ice Age; by 
WARREN UPHAM. 


[Concluded from page 42.] 


Two principal glacial epochs can be especially distinguished, 
each subdivided by times of extensive recession and re-advance 
of the ice, as shown by features of the drift in this State. In 
the first Glacial epoch, when the ice attained its greatest area, 
all of Minnesota except its southeast corner was deeply covered 
by the continental ice-sheet, and its border was several hundred 
miles south of this district, in Nebraska, Kansas, Missouri and 
southern Illinois, Indiana and Ohio, extending somewhat be- 
yond the Missouri River, but terminating north of the Ohio 
River, except in the vicinity of Cincinnati, where it reached a 
short distance across that river into Kentucky, as recently 
proved by Professor Wright. In the later very severely cold 
epoch, the ice-fields were of less extent, and terminated in the 
central part of the United States from 50 to 300 miles within 
their earlier limit, covering all the basin of the Minnesota river, 
but not enveloping a large tract in the southwest corner of Min- 
nesota and leaving uncovered a much larger area than before 
in the southeast part of the State. The terminal moraines, 
which form conspicuous belts of rolling and hilly drift in Wis- 
consin, Minnesota, Iowa and Dakota, were accumulated in the 
boundaries of the ice of the last glacial epoch. Between these 
epochs the ice was melted away within the basins of the Min- 
nesota and Red Rivers, and probably from the entire State. 
The greater part of the till appears to have been deposited by 
the earlier ice-sheet; and during its retreat this till was over- 
spread in some places, especially along the avenues of drainage, 
by beds of modified drift, or stratified gravel, sand, ‘and clay, 
washed from the material that had been contained in the ice 
and now became exposed upon its surface to the multitude of 
rills, rivulets and rivers, that were formed by its melting. 

In the principal interglacial epoch, this drift-sheet was chan- 
nelled by water-courses until its valleys were apparently as nu- 
merous and deep as those of our present streams. ‘The inter- 
glacial drainage sometimes went in a different direction from 
that now taken by the creeks and rivers; and the valleys then 
excavated in the drift, though partly refilled with till during 
the last Glacial epoch, are still, in some instances, clearly marked 
by series of lakes, as in Martin County, in the south edge of 
Minnesota. More commonly the interglacial water-courses must 
have occupied nearly the same place with the valleys of the 
present time; and there seems to be conclusive proof that this 
was true of the entire valley of the Minnesota River. A long 
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period intervened between the great glacial epochs; the earlier 
ice-sheet gradually retreated northward; a lake was formed in 
the Red River Valley by the receding ice-barrier on the north; 
the outflow from this lake, and the drainage of the Minnesota 
basin itself appears to have excavated the valley of the Minne- 
sota River nearly as it now is; and the further recession of the 
ice sheet probably even allowed the drainage of the Red River 
basin to take its course northward, as now, to Hudson Bay ; 
this being indicated by fossiliferous beds, containing the shells 
and vegetation of swamps, and trunks of trees, underlain and 
overlain by till, within the area that had been covered by this 
interglacial lake and was afterward occupied by Lake Agassiz 
at the close of the last Glacial epoch. 

Since all this, a severely cold climate again prevailed, accu- 
mulating a vast’sheet of ice once more upon British America 
and the greater part of Minnesota. Beneath this glacial sheet 
the valley of the Minnesota River was partly refilled with till, 
but it evidently remained an important feature in the contour 
of the land surface. Perhaps it had been the pathway, along 
the lower part of its extent, of a sub-glacial river during this 
later epoch of ice. At the final melting of this ice-sheet, its 
waters, discharged in this channel, quickly removed whatever - 
obstructing deposits of drift it had received, and undermined 
its bluffs, giving them again the steep slopes produced by flu- 
vial erosion. This partial excavation and sculpture anew were 
then immediately followed, during the retreat of the ice-sheet, 
by the deposition of the modified drift 75 to 150 feet deep, 
remnants of which occur frequently as extensive terraces on 
the sides of this valley, from its mouth to New Ulm, and less 
distinctly beyond. Had not the great valley existed nearly in 
its present form through the last Glacial epoch, it could not 
have become filled with this modified drift, which must belong 
to the era of melting of the last ice-sheet. 

Modified drift, which was probably deposited during the 
recession of the ice of the earlier glacial epoch, was observed 
near New Ulm, forming a thick bed of stratified gravel and 
sand enclosed in the till. The section showing this is on the 
extension of Center street, a half mile west of New Ulm, 
where it rises to the top of the bluff, 180 feet above the river, 
but only some 100 feet above its old channel, which lies be- 
tween New Ulm and this bluff. The height here reached is 
the general level of the vast prairie of gently undulating till, 
through which the Minnesota valley is excavated. The grade 
cuts to a depth of about forty feet at the edge of the bluff, and 
thence ascends, with decreasing depth of cut, along a distance of 
about twenty-five rods, to the surface of the drift-sheet. This 
excavation exhibits two deposits of true till, separated by mod- 
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ified drift which is probably an interglacial formation, supplied 
at the time of final melting of the earlier ice-sheet and spread 
beyond its receding margin upon the unchanneled surface of 
the till that had been formed during that earlier part of the ice 
age. The upper bed of till, thus apparently representing the 
total thickness of the drift deposited here in the last glacial 
epoch, is sixteen to eighteen feet thick, and is an entirely un- 
stratified yellowish gravelly clay, containing occasional rock 
fragments up to six or eight inches in diameter, but showing 
only two or three of larger size, these being two to three feet 
in diameter. The bottom of this upper till, seen clearly ex- 
posed along a distance of about 250 feet, is an almost exactly 
level line. Next below is the modified drift which is supposed 
to have had its origin from the melting ice-sheet of the earlier 
Glacial epoch. Its thickness is also sixteen to eighteen feet and 
consists of yellowish gravel and sand, containing pebbles up to 
six or eight inches in diameter, quite ferruginous in the lowest 
one to three feet, leve lly stratified throughout, but having the 
horizontal layers often obliquely iaminated, the dip of this 
lamination being to the east or northeast, toward the Minnesota 
river, and varying in amount from two or three to fifteen or 
twenty degrees. The under! ying till was seen along an extent 
of 100 fect, the greatest depth cut into it being about eight 
feet. Its upper line, separating it from the modified drift, is 
approximately level, but undulating, with its highest points 
two or three feet above the lowest. This till, like the upper 
bed, bears no marks of stratification; and neither shows any 
interbedding cr transition, but both are bounded by definite 
lines, at their junction with the intervening gravel and sand. 
The lower bed of till is dark bluish, excepting for about twenty 
feet from the face of the bluff inward, where weathering has 
changed it to the same yellow color that characterizes the “mod- 
ified drift and upper till. In other: portions of the Minnesota 
valley, its bluffs frequently exhibit modified drift interbedded, 
sometimes in deposits of large extent and thickness, with the 
till, which makes up the principal mass of these bluffs and of 
the drift-sheet. 

A peculiar stratification observed in several of the deposits 
of clay which form part of the terraces of modified drift in the 
Minnesota valley in Scott and Carver counties, belonging to 
the time of departure of the last ice-sheet, appears to afford 
measure of the rate of deposition. In Mr. Charles Rodell’s 
excavation for brick-making at Jordan, the clay is bedded in 
distinct horizontal layers from three to eight inches thick, aver- 
aging six inches. These layers are dark bluish, often finely 
laminated, changing above and below toa nearly black, more 
unctuous and finer clay, which forms the partings between 
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them. These divisions are clearly seen through the whole 
extent of this excavation, which reaches twenty-five feet below 
the top of the clay and is four rods long. The height of its 
top is estimated to be sixty-five feet above the river. The 
excavation of Nye & Co. at Carver, where the exposure is four 
rods long and fifteen feet high, with about the same elevation 
above the Minnesota River as the foregoing, exhibits the same 
stratification, except that here the layers all have a nearly uni- 
form thickness of three inches. There is a tendency to split at 
the darker partings, which are seen to extend continuously, 
never passing one into another, and preserving a very constant 
width of three inches apart, through the whole of the section 
exposed. They are from an eighth to three-quarters of an inch 
thick, gradually merging above and below into the less dark 
clay that makes up the principal mass of these layers. The 
bedding is nearly level, but dips one to two degrees away at 
each side. In this depth of fifteen feet there are thus about 
sixty layers, all closely alike. Thealternating conditions which 
produced them were evidently repeated sixty times in uninter- 
rupted succession. The only explanation of this which seems 
possible is that these divisions mark so many years occupied by 
the deposition of this clay. Layers nearly like those in the 
clay at Carver and Jordan are also seen in other clay-beds in 
this valley and in that of the Mississippi in this State. The 
principal mass of each layer is regarded as the deposition dur- 
ing the warm portion of a year, and the very dark partings as 
the sediment during winter when the glacial melting was less 
and the water consequently less turbid. 

At Chaska, situated in the Minnesota valley, two miles below 
Carver, the clay used for brick-making is modified drift of 
interglacial age. It varies from twenty to forty feet in thick- 
ness, being underlain by sand and covered by till from two to 
six feet thick, holding bowlders of all sizes up to five or six 
feet in diameter, many of which are planed and striated. This 
till forms the surface, thirty to thirty-five feet above the river. 
The only fossils found here were fresh-water clam shells, which 
occurred in considerable numbers upon a space four rods in 
diameter near the middle of Gregg & Griswold’s excavation, 
lying in the upper foot of the clay, just beneath the till. This 
interglacial clay, overspread by till, testifies that an ice-sheet 
covered this region after the Minnesota valley had been eroded 
nearly as it now is. 

Another observation which seems to give the same testi- 
mony, and to show that the modified drift forming high terra- 
ces and plains in this valley was deposited during the recession 
of the ice-sheet, is presented in the notably uneven surface of 
the broad part of the terrace of this valley drift in Carver 
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county between Carver River and Beven’s Creek. On this 
tract, composed, below the soil, of stratified gravel and sand, 
extending about two miles in width and elevated 125 feet above 
the river, are frequent depressions from ten to thirty rods in 
diameter and fifteen to forty feet in depth below the general 
level, often enclosed without outlet, and some of them contain- 
ing lakelets and sloughs. Such hollows have not been seen 
elsewhere in our exploration of these terraces along the Minne- 
sota Valley, which instead have generally a smoothly level 
contour. Their origin must apparently be referred to sedimen- 
tation while masses of ice occupied the places of these bowl- 
like depressions. Elsewhere the absence of such inequalities 
in the surface of the valley drift, as also the very rare occurrence 
of bowlders in it, and the fact that no portion of it, excepting 
that just mentioned at Chaska, is known to be interglacial by 
having become covered with till, together show that the depo- 
sition of these beds of modified drift took place outside the 
limits of the retreating ice-sheet. The valley appears to have 
remained from excavation in an interglacial epoch, and to have 
become rapidly filled with sediments as soon as the ice by 
which it had been enveloped was melted away. 

Alluvial beds fill the Minnesota valley at Belle Plaine, as 
shown by the section of the salt-well, to a depth about 150 
feet below the present river at its stage of low water. This 
well, situated on the bottomland at nearly the same height 
with the depot, or approximately 30 feet above the river and 
725 feet above the sea, is reported by Professor Alexander 
Winchell to have passed through the following succession of 
deposits before reaching the bed-rock : soil and gravel, 9 feet ; 
clay and gravel, 9 feet; sand and gravel, 18 feet; quicksand, 
54 feet, having its base 90 feet below the surface; coarse sand, 
1 foot; clay, 6 feet, in which was found, two feet from its top, 
a piece of grapevine with bark; sand, 38 feet, varving from 
quicksand to coarse sand, in which at 114 feet, inflowing water, 
under pressure from the bottom, filled the pipe twelve feet 
with sand, and a second time, at 125 feet, tilled it five feet ; 
then gravel, quicksand, and coarse sand, 45 feet, having its 
base 180 feet below the surface, yielding water at 144 feet, 
which filled the pipe with sand ten feet, and containing another 
piece of grapevine at 168 feet; next, from 180 to 200 feet, blue 
clay, 7 feet, and rock fragments, 13 feet, probably both bowl- 
der-clay or till; and, lastly, gravel, 2 feet; the whole depth of 
alluvium and drift being thus 202 feet, extending about 170 
feet below the river. 

At the railroad bridge which crosses the Minnesota river 
close to its mouth, borings were made to a depth of 60 feet 
below the river-bed without reaching the bed-rock. In the 
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deep well at Mankato, drift was found to extend 65 feet below 
the river. 

A summary of the glacial history of the Minnesota valley, 
as recorded in its physical and geological features here de- 
scribed, is nearly as follows. This channel excavated in the 
Lower Magnesian or Calciferous formations far below the bot- 
tom of the present valley, appears to have been eroded by a 
river during the later Paleozoic and earlier Mesozie ages, be- 
fore the Cretaceous subsidence which carried much of this 
state, with a large area farther west, beneath the sea. In the 
first principal epoch of glaciation, when the ice covered its 
greatest area, a thick drift-sheet, mostly unmodified, was spread 
over all this region, probably covering most of this pre-glacial 
valley with an unbroken, moderately undulating expanse of 
till. During the ensuing inter-glacial epoch, the drainage of 
this area cut a channel, which, because of the natural slopes of 
the basin determined by pre-glacial erosion, coincides along 
much of its lower part, where it crosses the nearly horizontal 
Paleozoic formations, with the. old valley eroded in these 
strata before the ice age. The pre-glacial, and probably also 
the interglacial river lay far below the present stream. The 
till of the later glacial epoch appears to have only partially 
blocked up this river-course along the greater part of its ex- 
tent, and portions which may have been obstructed were soon 
channeled anew, and this valley from its mouth to New Ulm or 
beyond was filled with modified drift, to the height of its present 
terraces of this formation, during the recession of the last ice- 
sheet. After the departure of the ice from the Minnesota 
basin, this avenue of drainage continued through a long time 
to be the outlet of Lake Agassiz, whence it received an im- 
mense volume of water supplied from the melting ice-fields of 
northwestern Minnesota and of a vast region re: aching far to 
the north and northwest over the basin of Lake Winnipeg and 

*the Saskatchewan River. As long as streams poured into this 
valley directly from the melting ice-sheet, its modified drift, 
gathered from the ice in which it had been held, continued to 
increase in depth; but when the great glacier had retreated 
beyond the limits of the basin of the Minnesota River, the water 
discharged here from Lake Agassiz brought no modified drift, 
and was consequently a most powerful eroding agent. By this 
mighty river the valley drift so recently deposited was mostly 
swept away, and the channel was excavated to a depth lower 
than the present river and perhaps quite the bottom of the 
gravel and sand in this valley at Belle Plaine, which is 150 feet 
below the river there and about 140 feet below low water in 
the Mississippi at Saint Paul. Since the ice-barrier which had 
caused Lake Agassiz disappeared and that lake was. drained 
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northeastward to Hudson Bay, the Minnesota valley and that 
of the Mississippi below, carrying only a small fraction of their 
former volume of water, have become considerably filled by 
the alluvial gravel, sand, clay and silt, which have been brought 
in by tributaries, being spread for the most part somewhat 
evenly along these valleys by their floods. 

The changes produced by this post-glacial sedimentation 
have been pointed out and ably discussed by Gen. G: K. War- 
ren, who thus added much to our knowledge of the geological 
history of the Minnesota and Mississippi Rivers. Lakes Trav- 
erse and Big Stone and Lac qui Parle occupy hollows in the 
outlet of Lake Agassiz due to inequalities of these recent de- 
posits. At the mouth of the Minnesota River, the Mississippi 
has brought more sediment than its branch, which is thus 
dammed for a distance of thirty miles, to Little Rapids, with a 
depth of 20 to 25 feet at low water. ‘lhe current of this part 
of the Minnesota through tie dry season is very sluggish or 
imperceptible, and its surface often becomes considerably cov- 
ered with the green scum of cryptogamous vegetation charac- 
teristic of pools and lakes. The channel here is from fifteen 
to twenty-five rods wide, with no lake-like expansions; but 
lakes from one to four or five miles long, and from a quarter 
to a half mile wide, lie near the river and parallel with it at 
each side, upon the bottomland. Lake Pepin, having a depth 
of about sixty feet, according to General Warren, lies in the 
continuation of this valley which was deeply channeled by the 
outflow from Lake Agassiz, because it has become unequally 
filled below the foot of this lake by the deposition of alluvium 
from the Chippewa River. Two of the tributaries of the Mis- 
sissippi from the east were similar outlets of floods supplied 
by glacial melting after they had become free from their modi- 
fied drift by flowing through a lake. Lake Superior, held by 
an ice barrier on the northeast at a level about 500 feet above 
its present height, overflowed at the head of the Bois Brulé 
River, by Upper St. Croix Lake and the St. Croix River. The 
Mississippi valley at the mouth of this river, as in the case of 
the Minnesota River, has become more filled by post-glacial de- 
posits than its tributary, which is thus held as back-water 
twenty miles, to the head of Lake Saint Croix, which is 25 feet 
deep. Lake Michigan, till the receding ice- -sheet was melted 
from its present outlet at the north, similarly discharged south- 

ward by the Illinois River, which, like the foregoing, is ob- 
structed at its mouth by the alluvium of the Mississippi. At 
low water the greater part of its length is dammed, and has a 
very slight and often imperceptible. current through the two 
hundred miles from La Salle by Lake Peoria to its mouth. 
Major Long remarked: “This part of the river may with 
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much propriety be denominated an extended pool of stagnant 
water.’ All these results of recent fluvial action show that 
the drainage from the final melting of the ice-sheet excavated 
these valleys to depths much lower than they have now, and 
make it very probable that the deposits penetrated by the first 
180 feet of the Belle Plaine salt well are wholly post-glacial. 

The exposures of rock over which the Minnesota River flows 
at Little Rapids, ten miles below Belle Plaine, do not forbid 
this conclusion, for the topography of the valley in that vi- 
cinity indicates that a much deeper channel than that now 
occupied by the river may have existed there since the ice age, 
passing a mile and a half east and a mile northeast of the Lit- 
tle Rapids. This course of the river along which it is believed 
to have cut a channel in the easily eroded Jordan sandstone to 
a depth equal to that of the fluvial deposits penetrated by the 
well at Belle Plaine, extends northeastward diagonally across 
section 5, Sand Creek ; then northerly through the west part of 
section 33, Louisville; and thence northwesterly through sec- 
tion 29. It thus leaves the present river a mile south of these 
rapids, and returns again to it about a mile south of Carver, 
after passing east and north of the island-like sandstone out- 
crops of section 32, Louisville. The recent, accumulation of 
sediments that fill this avenue to a height slightly above the 
Little Rapids, has turned the river that way, so that it has 
abandoned its former course and now flows over ledges of sand- 
stone. 

Four features of the glacial drift in Minnesota seem to me 
very impressive and even grand. ‘These are, first, the great 
thickness of the drift and its extent over large areas where it 
conceals and deeply covers all the surface of the older bed- 
rocks ; second, the terminal moraines; third, Lake Agassiz ; 
and, fourth, the outlet from this lake, which has been the theme 
of the present paper. Professors J. D. Dana and J. W. Spen- 
cer, to the latter of whom we are indebted for valuable work 
in the Quaternary geology of the region of Lakes Erie and On- 
tario, have expressed the desire, in which I heartily join, to 
recognize in the nomenclature of American geology the work 
of the engineer who in the years 1866 to 1869, made a survey 
of the Minnesota valley from Big Stone Lake to its mouth, and 
from whose observations and writings, already several times 
referred to, this essay has received most important contribu- 
tions and suggestions. Therefore it seems fitting to propose 
here for the ancient river which flowed in the Ice Age where 
Lakes Traverse and Big Stone and the Minnesota River now 
are, this name, the River Warren, in honor and tn memoriam of 
Gen. G. K. Warren, the author of the first adequate descrip- 
tion of this valley. 
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Art. XVI.—Glacial Drift in Montana and Dakota; by 
CHARLES A. WHITE. 


[Published in advance by permission of the Director of the U. 8, Geol. Survey. ] 


In this Journal for March, 1883, page 206, I announced the 
presence of true northern glacial drift in the region about the 
mouth of Yellowstone River. While prosecuting geological 
work in Northwestern Montana last summer, including a row- 
boat-journey down the Missouri River, my observations of that 
drift were extended much fari:her westward. These observa- 
tions were largely confined to the immediate valley of the 
Missouri River, but a part of them extended to the vicinity of 
the Bear Paw Mountains. They extended continuously from 
the Great Falls of the Missouri, to Bismarck, Dakota; and more 
or less of the drift material was seen at intervals all the way, 
a distance of more than a thousand miles. <As a rule, the 
northern drift material in all that region seems to be small in 
amount, as compared with that of the region farther eastward. 
In a few places [ observed a little drift clay, but usually only 
sparsely scattered bowlders and pebbles were seen; the former 
were generally small, but a few were seen that would weigh 
several tons. 

This northern drift material is quite distinct in lithological 
character, as it is in its origin, from the coarse pebble drift 
which is so common in all the valleys of the great Rocky 
Mountain region as well as upon a large part of the adjacent 
upland surfaces. It is composed of bowlders and pebbles of 
granitic and schistose rocks, such, for example, as characterize 
the northern drift in Minnesota. Among them also, not unfre- 
quently occur masses of fossiliferous rocks, such as also fre- 
quently occur in the drift of the region to the eastward. These 
fossiliferous rocks appear to be of Cambrian or Silurian age, as 
arule; but at a point in the valley of the Missouri river about 
100 miles above the mouth of the Yellowstone, I found a 
bowlder of Devonian limestone among the otier drift material. 

The most satisfactory observations were made in the neigh- 
borhood of the southern side of the Bear Paw group of moun- 
tains. Here in the valley of Eagle creek, which is shallow and 
several miles wide, the surface is largely covered with charac- 
teristic drift-knolls ; and a couple of small drift lakes were also 
seen there. It is interesting that although this accumulation 
of drift is at the southern side of these mountains, it consists 
mainly of the granitic and schistose material which character- 
izes the northern drift elsewhere. Mingled with it, however, 
are numerous fragments of the trachytic rocks which constitute 
the bulk of the mountains. 
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These observations were all incidental to other work, and 
therefore incomplete; but they are deemed important as indi- 
cating the broad extent of the region over which the northern 
glacial drift has been distributed. 


Art. XIII.—Phenomena of the Glacial and Champlain Periods 
about the mouth of the Connecticut Valley—that is, in the New 


; Haven Region; by JAMES D. Dana. (With Plates I and II.) 
| 
a In the last volume of this Journal the phenomena of the ; 
4 Glacial era in the New Haven region were described and dis- 
cussed. It remains to describe— 


Il. Toe PHENOMENA OF THE CHAMPLAIN PERIOD, OR. THE CON- 
SEQUENCES OF THE GLACIAL FLOOD IN THE New Haven 


REGION. 
In order that the facts connected with the flood-deposits may 
be clearly understood the map used for illustrating the former 
{ paper is here reproduced (Plate I) with the area of the great 


flood-plain or terrace-formation colored. ‘The scale of this map 
is four-tenths of an inch to the mile. Another map on a much 
larger seale—two inches t» the mile—of the middle portion of 
the region is presented on Plate II, giving the details with 
i regard to the topography along the valleys and over the plain, 

the heights above mean tide, and by contour-lines the features 
j of the adjoining country. The dotted line at the base of the 
i hills is the boundary of the flood-plain or terrace-formation. 


The basis of this map is a reduction from the Bache Coast 

Survey Chart, referred to on page 343 of the last volume. The 
contour-lines across the plain have been omitted, and instead the 

actual height of the plain above mean-tide level from the Sound 
northward is in figures, These heights have been obtained by 

f levelling, using as a base the heights of street curbs from the 
Report of the City Surveyor, and occasional points along the 
contour-lines of the Coast Survey chart. In all cases in and about 
the City of New Haven they give the original height of the plain. 
They are not always the present actual height, for city grading 
has made large changes; but happily some portions of the plain 
still remain in places where the buildings are most crowded. 
Outside of the crowded portion of the city, the plain is still 
mostly undisturbed except adjoining or along the roads crossing 
the valleys. Moreover, the shore-line along the head of the bay 
is restored to its former outline. The tidal flats along the rivers 
are cross-lined. The contour lines are for every 20 feet; in the 
Coast Survey chart mean high tide is the base, but the heights in 
Am. Jour, Series, VoL. XXVII, No. 158.—Fexs., 1884, 
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the map are above mean tide, which is 3 feet below mean high 
tide. The map (Plate II) gives the original square of the city, 
half a mile each way, as laid out in 1638; the city now extends 
over the whole breadth of the map. 


Before describing the “ Kettle-holes” of the plain and the 
valley-like depressions that look like deserted river channels, 
it is necessary, preparatory to a discussion of their origin, to 
review briefly the facts relating to the transporting agents of 
the region, although the facts are contained, for the most part, 
in former papers by the author. 

I shall treat first, of the rivers; secondly, of the deposits 
made by the flooded rivers; thirdly, of the depressions over the 
flood-plain or terrace-formation. 


1. The Rivers. 


The order of size in the three streams which traverse the 
New Haven Region on their way to the Sound, is now as 


follows: 
Length. Approximate drainage-area. 


1. Quinnipiac River i 120 sq. m. 
2. Mill River és = 


In the era of maximum flood the relative rank of the first 
two rivers was reversed, through a gain in length, on the part 
of Mill River, of 15 miles from the Quinnipiac, the upper half, 
and also the larger part of Farmington River. (This Journal, 
xxv, 441, 1883). The size of the three streams thus became— 

Length. Drainage-area. 
1. Quinnipiac River ; 65 sq. m. 
2. Mill River 450 
3. West River ss 38 


is 


The first two of these streams were changed by the flood 
also in the altitude of their sources. Mill River, as a con- 
sequence of the addition of the Farmington, drained the 
high plateau of southwestern Massachusetts and northwestern 
Connecticut, one of the Massachusetts branches commencing 
near the Becket Survey Station, which has a height above the 
sea of 2194 feet, and another near the Sandisfield Survey Sta- 
tion, 1698 feet. The abbreviated Quinnipiac flowed from re- 
gions mostly less than 300 feet above the sea, only very short 
lines on trap ridges extending higher. West River flowed, as 
before, from the high town of Bethany, averaging 500 feet in 
elevation, above the sea-level. 

But the working force of these streams and their influence 
on the features of the New Haven deposits depended much on 
their slopes just north of and within the region, and especially 
south of the latitude of the Mt. Carmel gap. The level of 
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maximum flood in the latitude of the gap, as determined from 
the height of the upper terrace, was (1) on the Quinnipiac 70 
feet above mean-tide; (2) on Mill River 118 feet, or 48 feet 
higher than on the Quinnipiac; and (8) on West River, 300 
feet. Nine miles south, in the line of the head of New Haven 
Bay, the normal terrace-levels, and therefore flood level, was 
about 40 feet above mean tide. Hence for the interval, the 


descent was 
Descentin 9 miles. Descent per mile. 
On the Quinnipiac 30 feet. 
On Mill River 38 “ 
On West River ‘ " 


Thus the Quinnipiac was relatively feeble not only through 
its smaller supply of water, but also in its much less slope over 
the northern part of the New Haven region. Even West 
River was a stream of more power. In view of the relation 
in drainage areas and slope, I am led to conclude that the en- 
ergy or effective force of these streams, the Quinnipiac, West 
River and Mill River, may be approximately represented by 
the ratio 1: 4: 25. 

The slope of the land was probably less than now through a 
change of level, as deduced in a former paper ; but any dimi- 
nution of slope would increase, not diminish the contrast ; for 
2 feet less would be a large deduction from 34 feet, but from 
9 or 29 very small. 

At the present time the tides extend up West River to 
Westville, and up Mill River to Whitneyville, in each case 24 
miles north of the latitude of the head of New Haven Bay. 
On the Quinnipiac they reach 7 miles north of the same line, 
ora mile above North Haven; and the four more northern of 
the seven miles are over very broad tidal meadows, as shown 
on Plate I. 


2. Deposition by the three streams, 


The three rivers emerged from their valleys on passing the 
extremities of the West Rock and East Rock ridges; thence 
they worked to some extent unitedly, This united action is 
proved by the fact that the plain from this line southward is 
continuous across its breadth of 44 miles, and has nearly a 
common normal height, along east-and-west lines. Moreover, 
the deposits have throughout the same kind of structure and 
constitution, the flow-and-plunge style of cross-bedding being 
common in all parts, and the whole formation bearing evi- 
dence of simultaneous fluvial origin. 

Further, the work of the several streams as measured by the 
deposits they made corresponds well with the estimate which 
is given above of their relative capability. 
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a. The Quinnipiac River—The Quinnipiac made deposits of 
sand, with some fine gravel, on its east side, east of its present 
broad marshes, but almost none on the west side; which fact is 
evidence that the river transported but little, and that the ma- 
terial of the east-side deposits were mostly from tributary sup- 
plics. Along the borders of the Quinnipiac meadows there 
are clay-beds; but these are bottom or early. deposits of the 
terrace formation, of quiet water origin, not those of full or 
half flood. They appear to rest on the unstratified drift or till 
that covers the sandstone, and derived the clay from the tili. 

South and southeast of East Rock, a high terrace, full a mile 
wide, stretches from Mill River eastward to Fair Haven, and 
for four-fifths of this distance it fronts, or is south of, the wide 
Quinnipiac meadows. Topographically it is a Quinnipiac ter- 
race; and yet not so in origin, for it is in reality; as shown 
beyond, a Jhill River terrace. 

Thus the Quinnipiac has little to show of its work in the 
New Haven plain. 

b. West Hiver.—In contrast with the Quinnipiac, West 
River, on the west side of the New, Haven region, contributed 
largely to the plain. Its terrace depositions south of West- 
ville are three-fourths of a mile wide on the west side of the 
river alone. About Westville, where the stream escaped from 
its valley, the deposits are of the cobble-stone kind for a depth 
from the top of 30 feet or more, and they are but little less 
coarse on the east side of the river, where it received the con- 
tributions of Wilmot brook. The coarseness gradually dimin- 
ishes southward; and three miles south, about its mouth, the 
deposits consist mainly of sand—a change attributable to loss 
of velocity. 

c. Mill River.—Mill River, the great central stream, spread 
its flood waters across the whole region, mingling its deposi- 
tions with those of West River on one side, and, on the other, 
taking possession as above stated, of the Quinnipiac valley. 
The latter result, like the former, was a consequence of its great 
slope and volume. The hurrying stream passed the Whitney- 
ville gap at a level full seven feet above that of the Quin- 
nipiac just east of it; and on reaching, a mile below, the end 
of the intervening Wast Rock ridge (at E) it must have made a 
violent dash eastward, carrying as it went its load of sand and 
gravel into the Quinnipiac area. The coarse gravel deposits of 
the terrace on the Mill River side attest to the violence of the 
flow at this point ; and a diminution of coarseness eastward 
corresponds to the loss of velocity as the waters spread eastward. 
Moreover the terrace deposits to a depth of 25 feet from the 
top have the cross-bedded structure that would have been 


produced by the flow of Mill River, proving that it had com- 
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plete control in the deposition. The direction of dip in the 
cross-bedding is the reverse of that in the finer and redder beds 
of the lower 25 feet, and the transition is an abrupt one.* 
Only this earlier portion, made before the waters were above 
half flood height, was stratified by the Quinnipiac current. 

The torrential character of Mill River in the Whitney- 
ville gap is attested to by a number of large pot holes made in 
the sandstone of the west bank near the flood-level of the era. 
One of these pot-holes (44 feet wide and 7 deep) may now be 
seen by the road side, 140 yards above the dam and nearly 60 
feet above tide level ; and two others were opened to view and 
cut away in the grading of the road a few years since. 

Mill River, therefore, was the chief source of the stratified 
drift or terrace deposits of the New Haven region. We have, 
consequently, to look to it for an explanation of the more 
prominent features of the New Haven plain. 

The general southward slope of the terrace-formation from 
Mt. Carmel to the Sound has been already given. The facts 
are still better before the reader on the maps accompanying 
this paper, the height being stated on the larger map, in figures. 
A review of them in this place is therefore not necessary. 


3. The depressions of the New Haven plain. 


The depressions of ‘the plain are: 

(1.) The flood-made river-channels, bounded for the most part 
by the terrace-fronts facing the existing streams. 

(2.) Depressions in the plain made by drainage from its sur- 
face. 

(3.) The area of a low terrace, of 20 to 25 feet elevation, 
bordering the bay on the north side, and Mill River on the 
west and less widely on the east. 

(4.) T'wo long depressions that look like portions of large 
river-channels. 


(5.) The “ Kettle-holes.” 


(1.) The flood-made river-channels.—T hese broad river-ways of 
the flood era answer to the channels of the modern stream be- 
tween the terrace-fronts—the banks as they are called—of its 
modern flood-ground, and had, as I have elsewhere explained, 
the same mode of origin. Like them: (1) they were made 
along the course of the greatest velocity in flood-time; (2) 
their depth below flood-height is (excluding some later erosion 
at bottom) the depth of scour, which depth was dependent 
mainly on the velocity and the kind of bottom; and (8) the 

* See Geol. of New Haven Region, Trans. Connecticut Acad., vol. ii, 1870, and 


this Journal, IIT, vol. i, p. 173, where the section of the formation showing the 
reversed dip is introduced. 
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bordering terrace and terrace fronts are a consequence of loss, 
on either side, of velocity in the transporting waters resulting 
in deposition. 

(2.) Depressions from surface drainage.—Of the depressions 
which look as if referable to surface-drainage, two are of spe- 
cial interest. These are Kast Creek and West Creek, east and 
west of the original New Haven square, as shown on the map 
of Plate II. Both streams flowed in part between abrupt 
terraces for nearly half a mile from the bay, and the latter of 
the creeks admitted the ships of the early colonists for half 
that distance ;* but under city grading both creeks have disap- 
peared, and the channels are fast becoming obliterated. The 
map renders further description of them in this place unneces- 
sary. The size of the channel of West Creek between the 
terraces, and certain features common to both soon to be stated, 
lead to the conclusion that they may have a long history, even 
antedating the existence of the plain, and are only in some 
later modifications a result of surface-drainage. 

(3.) The low-terrace area.—-This area, as the larger map shows 
—by the heights given on it and a band of shading—extends 
from the bay and West Creek valley northeastward over the 
lower half of the central square of New Haven and onward 
for a mile up the west side of Mill River, and also over a small 
region east of the southern part of this stream. In height the 
terrace is 15 to 20 feet below the normal upper terrace. On 
glancing over this area on the map (Plate II) and noting its 
relations to Mill River channel, it 1s manifest that it is simply 
the area of a low Mill River terrace; and the facts show that 
its existence was determined by the velocity of the waters 
during the flood ; that it lies where the depth of scour was too 
great for the building up of the terrace-deposits to their nor- 
mal height, or that of the New Haven plain elsewhere. Part 
of the evidence consists in the exceedingly coarse, largely 
cobble-stone, character of the underlying gravel. The direc- 
tion of the band of coarsest gravel indicates that Mill River fol- 
lowed a nearly straight course from Whitneyville to the head 
of the Bay, this being one of the numberless examples of a 
straight, cut made in rivers by the great flood. 

The low terrace is hence one of the phenomena manifesting 
the power and influence of Mill River. 

(4.) The long depressions resembling fragments of former river 
channels.—T hese channel-like depressions are called the Beaver 
Pond Meadows and Pine Marsh Creek. Their location is given on 
both maps, and their special features on the larger one, Plate II. 
As there seen, they stretch southward through the middle part 

* The vessels came to anchor at what is now the corner of Congress Avenue 
and Oak Street. 
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of the New Haven plain, between Mill Rock on the east and 
Pine Rock on the west, and each is about 1$ths mile long.* 
They are sunk 25 to 35 feet below the level of the plain, and 
are confined for the most part by terrace fronts of this height. 
They have a width mostly of 800 to 1,000 feet, and a bottom 
of peat meadows, though with some encroaching areas of sand 
deposits ; the level of the marshes in the Beaver Pond depres- 
sion is 27 feet above mean tide, and in the Pine Marsh, 38 to 45 
feet. They are much like the West River channel-way be- 
tween its terrace fronts; or, rather, like fragments of it, for 
they are marvelously short for the great breadth and depth. 
The western depression—that of the Beaver Pond Meadows— 
is wholly isolated from any of the rivers of the region both to 
the north and south, but has a lateral connection by a valley 
with Mill River valley. Each has its stream, one emptying by 
the lateral channel referred to into West River, the other join- 
ing Mill River by its north end. These streams, although not 
two miles long, which is very short for the great valley they 
occupy, are abundant in waters, that of the Beaver Pond de- 
pression supplying a mill the year around. These copious 
waters are almost wholly subterranean—whence it is that the 
deeper pools do not freeze over with the thermometer at 0° F. 

As shown on the map, the more northern of the two depres- 
sions, Pine Marsh Creek, comes to its southern end abruptly in 
the plain southwest of Mill Rock; while the other, the Beaver 
Pond depression, begins almost as abruptly just west of this 
place; the terrace-plain between them is for the most part at its 
normal height. 

The depth through the peat to hard bottom is another sih- 
gular feature. In a recent survey of the Beaver Pond Mead- 
ows, by Mr. Sylvanus Butler, under the direction of the city of 
New Haven, the depth through the peat to firm gravelly bot- 
tom was found, at-one place just northeast of the outlet, to be 
52 feet, which vs 25 feet below the level of mean tide. The sound- 
ings were made along the water-course, which is not in all parts 
the line of greatest depth. A little outside of it, and nearly 
a third of a mile south of the above-mentioned place, other 
soundings of 48 to 52 feet were obtained. 

No borings have been made through the bottom gravel to 
the underlying sandstone, and hence the actual depth of the 
trough to solid rock is unknown ; we know only, from the fact 
just stated, that itis more than 25 feet below mean tide. From 
this it appears to be certain that the Beaver Pond channel is 
not simply a depression in the plain or the terrace deposits ; 

* The Beaver Pond depression terminates southward near the junction of Goffe 
and Crescent streets, and extends northward along the west side of Crescent 


street. The Pine Marsh depression hasits southern termination near the extrem- 
ity Of Shelton Avenue, north of Morse street. 
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on the contrary it covers probably an excavation in the subja- 
cent sandstone. On the western margin of the depression, rise 
the low “ Beaver Hills,” and these are sandstone hills with a 
thin covering of unstratified drift. These hills (see map) have 
the trend of other sandstone hills of the region whose outline 
was plainly determined by the direction of movement of the 
ploughing glacier. 

No similar soundings have yet been made in the Pine Marsh 
depression. But the fact that the waters are subterranean, and 
its close resemblance to the Beaver Pond depression in all its 
features, are favorable to the conclusion that the two are alike 
in depth of excavation and of one mode of origin. 

As to origin, we have the following basis for a conclusion: 

1. The resemblance in each to the channel of a great river, 
both in width and in steep terrace-fronts. 

2. The depth of the trough :—that of the Beaver Meadows 
extending much below the sea level, as if channeled out of the 
New Haven sandstone region by the glacier. 

3. The fact that the Pine Marsh depression or channel-way, 
and Mill River valley for three miles next north, have approx- 
imately the same compass course, coincident with the glacier 
flow, making them one channel-way; and that this channel- 

way points directly through the open center of the New Haven 
region (between Pine and Mill Rocks) nearly toward the head 
of the bay (which bay it is to be noted, is the termination of 
the Connecticut river valley or trough); while the course of 
Mil! River below the junction with Pine Marsh Creek makes an 
angle of 40 degrees with that of the glacier-flow, and passes 
through a narrow gap, in trap, at Whitneyville. 

Objections to the conclusion here indicated are apparent (1) 
in the abrupt southern termination of the Pine Marsh depres- 
sion, and (2) the isolation of the Beaver Pond depression. 

Before considering further this question of origin, the facts 
respecting the “ Kettle-holes” need to be surveyed. 

4. The Positions and Characteristics of the Kettle Holes.—The 
kettle holes are nearly seventy in number. Of these, (1) twenty 
are situated on or near the borders of the Beaver Pond depres- 
sion ; (2) thirty, by the Pine Marsh depression; and (8) seven- 
teen at Augurville, near the junction of Sluice-way Brook with 
Mill River. he map Plate II shows their positions. 

All occur in the stratified drift ; that is, the well-bedded mate- 
rial of the New Haven plain, or that of the terrace-formation, 
gravel-made and sand-made portions irrespectively, away from 
all unstratified material, or till. This formation in their vicinity 
has its usual horizontal bedding and flow-and-plunge structure. 
Whether the horizontal feature usually extends quite to the 
edge of the kettle-hole has not been ascertained, because of 
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the want of exposed sections. In a section of one near Pine 
Marsh Creek, made in laying out a new track for a railroad, 
an upper layer of the terrace formation, about 6 to 8 feet in 
thickness, followed down the steep slope of the depression con- 
formably to its surface ; but this single case is not sufficient for 
any general conclusion; it may have been due to a slide, 
though not looking like it. 

The kettle-holes are usually isolated ; the coalescence of two 
or three in a single oblong or irregularly-shaped depression is 
alsocommon. They vary in diameter from 100 feet to more 
than 500 feet, and in depth from 15 feet to 50. The sides have 
the same slope as the terrace fronts along the river-channels, or 
generally 30° to 38°. They are often dry (if shallow), but 
generally are marshy at bottom, and not unfrequently contain 
a pond of water. 

The distribution, sizes, forms, positions, and relations to the 
Beaver Pond and Pine Marsh depressions of the kettle-holes 
are so clearly exhibited on the accompanying map (Plate IT) 
that detailed descriptions are not necessary. It is seen that 
the most of them range along parallel with these depressions. 
On the west side of the Beaver Pond depression the holes are 
partly in coalescing groups of two to four ranging parallel with 
the depression, or oblong in the same direction. On the east 
side are other oblong holes which are transverse in direction 
instead of parallel, yet still have an undoubted relation in posi- 
tion to the great depression. 

The cluster of kettle-holes near Augurville (see map, Plate 
II), at the junction of Sluice-way Brook with Mill River, is 
peculiar in its position. A map of the region on a larger scale (5 
inches to the mile) is here introduced to show better their forms 
and their position in relation to the two streams. The map is 
from the Coast Survey chart and gives its contour lines. The 
kettle-holes vary from small circular shallow bowls to large 
irregular depressions having a marsh at bottom which is 45 feet 
below the surface and en a level with the water in the river. 
As the contour-lines show, they do not connect directly with 
the Mill River Channel. The contour line of 83 feet occurs 
among them as well as on the western border, and that of 63 
between them and Mill River. 

Sluice-way Brook is the modern representative of the stream 
that, in the time of the glacial flood, came down from the Mt. 
Carmel gap (see map, Plate I), and had its chief source in the 
waters above the ice-dam through the sluice-way at its western 
end, as described in volume xxv of this Journal (1883). The 
sluice-way waters, after passing the barrier of trap at the dam, 
flowed southward (as has been described) in a channel, 25 
or 80 feet wide, worn by the waters out of the red sandstone, 
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and then—re-enforced by tributaries from high hills to the 
northwest—followed the valley of the existing brook for three 
miles before reaching Mill River at Augurville. The descent in 
this distance is 25 feet a mile, while that of Mill River from 
the dam to the same point was only 10 feet a mile. The two 
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Kettle-holes at the mouth of Sluice-way Brook. 


flooded streams came together with velocities corresponding to 
these different slopes ; and the coarse gravel deposits at the place 
of junction, some of the stones a foot or more in diameter, are 
evidence of the violence of the sluice-way torrent. 


4, Facts bearing on the Origin of the Kettle-holes and the long 
channel-like depressions. 


1. The relations between the kettle-holes and the Beaver 
Pond and Pine Marsh depressions, above pointed out (as ex- 
hibited on the map), make it almost certain that there was 
community in origin for the two if not unity in method of 
origin. 

2. This community of origin as regards the two great depres- 
sions was, with hardly a doubt, unity in origin and method. 
For they are partially connected by outreaching arms and 
kettle-holes. From the southwest angle of the northern or Pine 
Marsh depressions an arm extends out westward, and at the end 
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of the arm there is a large and deep kettle-hole continuing the 
line toward the Beaver Pond depression. Further, the latter 
depression just southwest stretches out two long arms eastward, 
suggesting former junction. A dozen other kettle-holes lie to 
the south and southwest of the Pine Marsh depression ; and 
other arms extend toward them from the Beaver Pond area. 
Although the plain around has the normal height (as the map 
shows) the arms and kettle-holes look exceedingly (more so in 
the field than on the map) as if a former channel had existed 
and had become mostly obliterated by sand and gravel deposits. 

8. A former union of Pine Marsh channel with the Beaver 
Pond channel almost necessarily implies a continuation of the 
channel to the head of the bay; and such a continuation is 
plainly indicated by the ranges of arms and kettle-holes ex- 
tending from the southeastern portion of the latter channel 
toward and into the Hast Creek channel (see map). The arms 
leading from the depression are in fact kettle-holes partially 
coalescing with it; and the kettle-holes make two almost con- 
tinuous arm-like channels extending into the creek valley.* 
The southern of the two lines is over 1,000 feet long. Again, 
farther south, near the south end of the Beaver Pond depres- 
sion, still another line about 2,000 feet long, consisting of two 
kettle-holes (one 500 feet in diameter with formerly a pond at 
bottom) and a long depression,+ make another connection with 
the East Creek channel. A boring in this channel, 2 m. from 
the bay, descended 40 feet below mean tide before reaching rock. 

A connection of the Beaver Pond depression with West 
Creek can not be so clearly made out, and yet it has facts in its 
favor. East of south from the south point of the depression, 
separated by a low neck, lies a large (500-foot) marsh-contain- 
ing kettle-hole.t In the same south-by-east direction, 2,000 
feet away, commences the West Creek channel, which soon 
becomes 700 feet wide with a steep terrace-front on either side. 
The size of such a channel-way is out of all proportion to its 
mile-long stream; but it is well explained if there were once 
a connection with the Beaver Pond channel to the north of it. 

4. The conclusion seems to be inevitable in view of all the 
facts just stated (including those before adduced, as to the 
depth of the Beaver Pond trough and the conformity of the 
Pine Marsh depression and Mill River north of it in course to 
the direction of glacier movement) that the two now isolated 
depressions are dissevered parts of the deep Mill River channel 
of the Glacial era; that East Creek and West Creek are 


* Munson street runs between the two ranges of kettle-holes. 

+ This depression is just south of Webster street. 

t West of Goffe street, opposite the bell-tower square. It is much shallowed 
by city grading and will soon, like others, disappear. 
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within the boundaries of the same great channel as it passed 
into the greater channel of the bay; and that this broad Mill 
River channel of the Glacial era through the soft sandstone 
was deepened at that time, if not made, by the excavating 
action of the ice and running water. The phenomenon is one 
now known to have been a common result of the glacier flood, 
in which a stream had its Glacial-era channel partly obliterated 
by the depositions from the waters as the flood from the melt- 
ing made progress. The deposits appear to have early blocked 
the channel, even before half-flood was reached, and thus forced 
Mill River to take its present course. It is probable that a 
diminished slope in the land aided the depositions in checking 
the stream. 

The origin of the great depressions is thus traced to exca- 
vating-work in the Glacial era and subsequent depositions of 
drift material. They are the unfilled portions of the old chan- 
nel, and were left unfilled, while deposition was going on so 
freely, because of the depth of the excavation, or, for parts of 
them, because of the position with reference to the main cur- 
rent. The waters of the rising flood made a new exit for each 
of them, the Beaver Pond depression having opened a western 
outlet to West River, and the Pine-Marsh depression taken 
its northern extremity for discharge into Mill River. The dis- 
charge of the Beaver Pond waters was of long continuance, 
and held on through the era of maximum flood; for the depos- 
its of the terrace adjoining the exit channel are of very coarse 
gravel, while elsewhere about the depression they are of fine 
gravel or sand, 

The mean width of the Pine Marsh and Beaver Pond depres- 
sions has been stated to be 1000 feet. But the actual width in 
some parts is 2000 to 3000 feet; and as these depressions are 
only what was left after the burial, the mean breadth was 
probably near the present extreme breadth, or at least halfa 
mile ; and this comports with the supposed size of the stream. 
The connecting lines between the Beaver Pond depression and 
Kast Creek are half a mile apart, and they may be the outer 
portions of the one broad channel half a mile wide. East and 
West Creeks are only two-thirds of a mile apart; and these 
may have been the sides of the channel at its mouth, for the 
channel would not there have been narrower but rather wider 
than to the north. 

5. The origin of the kettle-holes remains for consideration. 
Their situation by the side of the great depressions, sometimes 
in lines parallel with them, and their lying also in lines more 
or less perfectly connecting the two depressions with one 
another and the more southern with West Creek channel, 
proves that they originated at the same time with the depres- 
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sions and under similar conditions. But was it by the same 
method ? 

The kettle-holes cannot be attributed to the removal of 
an underlying stratum of clay or of limestone, for we have 
no evidence of-any clay or limestone underneath. Again, it 
is not probable that sands of the underlying beds could have 
been carried away by subterranean drainage, for the subterra- 
nean waters of the region are those within the terrace forma- 
tion itself, in which movement is necessarily very slow, trans- 
portation difficult, and the determining thus of isolated kettle- 
holes hardly a possibility under the most favoring circumstances. 

Besides these explanations, two remain for consideration : 

(1) That they are, like the larger depressions, unfilled por- 
tions of the old and deep excavations which were left unfilled 
because of their depth, position, and the current-action in the 
waters. 

(2) That they are the sites of ice-masses which melted 
finally only after the terrace-formation was wholly or nearly 
completed, and which hence left holes where they lay. This 
origin of kettle-holes through the agency of ice-masses was 
suggested long ago by Professor Edward Hitchcock.* 

The theory of left or stranded ice-masses appears to apply to 
some cases; but not so here, for the following reasons: 

In the New Haven region, (1) deposition of the terrace- 
material and (2) the making of the kettle-holes must have gone 
on together, as the stratification around the kettle-holes shows ; 
and the latter were formed chiefly along either border, or the 
course, of the great central water-way, and that part of the 
water-way which became divided by obstructing depositions. 
Consequently, if ice-masses were concerned, they were stranded 
masses from the river, not ice left in place by the retreating 
glacier. Further, since these holes are 25 to 50 feet or more 
deep, the ice-masses must have been in place in the early part 
of the flood and have projected high above the waters during 
its whole progress. 

Some of the difficulties are thence the following : 

(1) In the early part of the flood (when only finer sand 
deposits of the terrace formation were in progress), there is no 
reason to believe that water enough existed in the stream to 
have floated masses 100 to 500 feet or more in diameter and 50 
feet or more thick; for 50 feet of depth, at least, would have 
been required. The above are minimum numbers as no allow- 
ance is made for waste by melting. 

(2) The waters which flowed by the stranded masses through 
the progress of the flood, deposited in their close vicinity beds 
of sand and gravel having the flow-and-plunge structure, and 


* Report on the Geology of Massachusetts, 4to, 1841, ii, 370. 
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in some parts beds of the coarsest gravel; they were hence 
rapid and plunging waters, and the stranded ice-masses where 
exposed to them could not have remained long unmelted. 

(3) The latter half of the era of the terrace depositions was 
that of the closing part of the melting, and therefore not the 
era of glacial cold, but one of milder airs, such as predominated 
in the Champlain period; and hence the winds would have 
helped in the dissipation of the ice. , 

The other explanation, also—that the holes are places un- 
filled by depositions because of their depth and for the other 
reasons mentioned—has apparently its difficulties It is a mat- 
ter for surprise that where so great depositions were in progress 
so many holes of the kind should have been left in the plain; 
and also that the terrace-formation should have been so gen- 
erally built up to full normal height quite to their margins. 

Such results lose some of their seeming improbability when 
the process of deposition is fully considered; that 

(1) The shallowest part of a water-way, as its reefs or bars, 
are most likely to take the depositions because they occasion 
by friction lessened velocity and transporting power; and hence 
the deeper parts do not generally lose in depth by deposits, but 
become narrowed by the down-stream extension of the sand- 
reefs, and deepened also owing to increase of velocity in the 
narrowed passages; (2) that consequently, in a great flood, 
if the amount of transported material is large, almost as much 
as the waters under the rate of flow could carry—as was the 
fact during the flood from the melting glacier—the reefs, or 
the flood-grounds, would be built up rapidly toward flood-level 
through the abundant deposits, and become extended at flood- 
level height in the direction of the flow, and thus the shal- 
lowest paris over these grounds might or would have taken 
the larger part of the depositions; (8) that when an isolated 
depression was encountered, the waters would have taken often 
some rotary movement, which would have promoted abrasion 
- and removal, and caused deposition outside instead of inside. 

The writer, while admitting the sources of doubt, inclines to 
adopt the latter explanation of the New Haven kettle-holes 
rather than the former for the reasons already stated. 

(1) At the time of the supposed stranding, the ice-masses 
sould not have had water enough to float to their places. 

(2) Under the conditions that existed during the “i ap 
isolated ice-masses could not have lasted long enough, a 
hundredth part of the time, necessary to keep the spaces peal 

(3) The intimate and systematic association of the kettle- 
holes with the great Pine Marsh and Beaver Pond depressions 
and East Creek appears to put all into one category as to 
method, as well as community, of origin. 
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The cluster of kettle-holes at the mouth of Sluice-way Brook 
may be looked upon as a case similar to those of the great de- 
pressions just mentioned. For the large irregularly-outlined 
kettle-holes making the center are much like a small example 
of a Pine-Marsh depression with kettle-holes bordering it. It 
is probable that in the Glacial era the course of Mill River 
from Centerville southward was a straight one right through the 
deep kettle-hole area, where the violent waters of Sluice-way 
brook struck (see map); and that the eastward bow-shaped 
bend of the present stream at Augurville, was a consequence 
of the depositions of drift, which forced the Mill River chan- 
nel to a more eastward position. 


CONCLUSION. 


The history of the New Haven region during the Glacial 
era probably included the deepening if not the excavation, by 
ice and water, of a wide channel passing through the center 
of the region from Centerville to the head of the bay—the 
Mill River channel. The moving glacier had to rise over the 
trap ridges, Mill Rock and Pine Rock, standing on either side 
of the passage, and may have ploughed all the deeper into the 
sandstone region between them. i 

At the beginning of the Champlain period—dating it from 
the beginning of the northern subsidence of the land (actual or 
relative) that characterized it, which was followed by the melt- 
ing—the river commenced its increase in waters and transpor- 
tation. But the progressing subsidence just referred to tended 
to cause diminished velocity, which, there is reason to believe, 
the increasing depth of water hardly balanced ; and hence the 
channel, as it widened southward (below the mouth of Pine 
Marsh Creek), became obstructed in places by sand-bars; and 
these increased as the flood made progress, and coalesced into 
the wide terrace formation—that of the New Haven plain. 
Mill River in this way was early shut off from its central way 
to the bay by the depositions of the plain, only fragments of 
which survive in the Beaver Pond and Pine Marsh depres- 
sions. 

A westward set in the water and its depositions would have 
resulted from the earth’s rotation, and either through this 
means or some other the river was forced to take its present 
eastward channel against the sandstone hills of the “ Quinni- 
piac” Ridge. The Beaver Pond and Pine Marsh depressions, 
after their isolation, continued to be filled full with waters 
from the flood until maximum flood was reached, and they 
remained deep depressions, but shallowed in part by sands, 
because of the river-like discharge of their waters, one into 
West River, the other into Mill River. These depressions and 
the kettle-holes were one in origin and history. 
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Note on the Glacial flood of the Connecticut River Valley. 


As the explanations given in my paper on the Connecticut val- 
ley terraces* have been imperfectly understood, I add here a few 
words on the subject. Professor C. H. Hitchcock, in a paper read 
before the American Association in 1882 (Proc. Am. Assoc., p. 
325), after accepting the distinction adopted by Mr. Warren 
Upham between “ delta-terraces” and “highest normal terraces,” 
and objecting to taking the so-called “ delta-terraces” as the nor- 
mal highest, as done for many localities by me, remarks that “ if 
we are not required to accept the deltas as a measuring rod, we 
shall greatly reduce the depth of the stream and thus learn why 
the velocity as calculated by Dana was far too great.” 

No calculations of the velocity corresponding to the reduced 
depth are given. 

In my paper I state that one prominent purpose before me in my 
investigations was to ascertain whether the so-called delta-terraces 
were true Connecticut valley terraces or not; and the conclusion 
reached was that the most of them so directly border the Connect- 
icut valley and for so long distances (some of them for miles) that 
they could not have been deposited at the delta level unless the 
Connecticut river waters were at that level to transport and de- 
posit. The tributary and the main stream must have risen in level 
together, as in all other floods, and I found that the so-called 
delta-terraces were, in general, the sand and gravel of the tribu- 
tary deposited and arranged in beds by the on-flowing Connecti- 
cut. The flood-level deposits now made on the sides of a river 
where it receives one of its larger tributaries are evidently as 
much delta deposits as those made during the progress of the 
glacial flood; and yet they rise but little, where at all, above the 
flood plain of the main stream, and have no claim to so distinctive 
a name. 

Again, if the level of the “ highest normal terraces” of Upham 
are taken as marking flood-level, they indicate an impossible water- 
surface for the river, since the heights given vary greatly in a few 
miles, 

At Barnet, the height of the “ highest normal,” as reported by 
Mr. Upham, is 166 feet above the Connecticut at low water; 10 
miles below, it is 113 to 123 feet (while the mean pitch in the 
modern stream in this distance is 44 feet a mile); 12 miles farther 
south, at Bradford, it is only 80 feet (the mean pitch in the river 
for the interval being 14 feet a mile) ; 9 miles farther south, at Ely, 
only 60 feet (the mean pitch here being 1 foot a mile); then, only 
2} miles farther south, at North Thetford, the height is 146 feet ; 
and farther south, 170 to 180 feet for many miles. (The “ Delta- 
terraces” are in part still higher). 

Thus, within 33 miles, the following variations in the level of 
flood waters are indicated, if we take Mr. Upham’s “ highest nor- 
mal terraces” as showing the water mark: 166, 118, 80, 60 and 


* This Journal, xxii, 451, 1881, xxiii, 87, 179, 360, xxiv, 98, 1882. 
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146 feet. Such variations in the water surface of a flooded stream 
in an open valley of nearly uniform pitch are obviously incompat- 
ible. The slopes are those of two face-to-face cataracts, the south- 
ern having a fall northward of more than 30 feet a mile. Mr. 
Upham has an explanation of these differences as to level, based 
on the assumption that the glacier-mass of the Connecticut valley 
made the flood and the terraces south of it pari passu with its 
retreat northward, he holding that it was a retreating ice-barrier 
retreating through melting, and thus keeping the flood up to flood- 
level south of it. This hypothesis (which has obvious objections, 
as I have shown) is not adopted or mentioned by Prof. Hitchcock. 


Note on the two courses of the Glacier over the Connecticut 
River Valley. 


The courses of flow in the glacier—that of the general mass and 
that of the valley—have been made out by me to be simultaneous 
on the theoretical ground that the flow in the direction of the 
villey—west-of-south—would have necessarily been most rapid, 
supposing the slope of the land the same, when the ice of the valley 
to the north was thickest ; that the ice would have been thickest 
when the general glacier-mass was thickest, which was the time 
when the southeastward movement of the general glacier, or that 
determined by the siope of the upper surface, would have been most 
rapid. One condition would thus have produced the two results. 
This fact of two movements is not so difficult to understand when 
it is considered that the flowing of a glacier, however to be ex- 
plained, is like that of a viscid liquid over an uneven grooved 
surface. It follows from the coexistence of the two movements 
that the upper stream did not cause, by its pressure in the direc- 
tion of motion, so much friction between the lower ice and the 
east side of the Connecticut valley, or between itself and the 
bottom ice, as to prevent the valley movement. This friction 
would be too great to be overcome when.a valley was narrow and 
abrupt, or had a direction approximately transverse to that of the 
southeastward flow; neither of which conditions existed in the 
case of the Connecticut valley. 

One fact referred to in my paper as sustaining the theoretical 
conclusion was this: that variations in the bottom directions of 
movement (shown by the glacier scratches) often accompanied 
quite small changes of form in the subjacent surface, and various 
directions occurred within short distances. It is exceedingly 
improbable that all these bottom courses should have existed also 
in the ice of the upper surface. 

Another fact bearing on the question is presented by the 
absence from the New Haven region and the adjoining part of 
the Connecticut valley (and from the valley north through the 
State of Connecticut) of all traces of south-southeastward gla- 
cier scratches, and of underlying drift deposits derived from the 
north-northwestward, If the valley movement were subsequent 
to the southeastward flow and the latter had gone on through 
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the chief part of the Glacial era, the earlier drift, or that from 
the northwestward, should be found in spots somewhere over the 
bottom of the valley, beneath the valley drift; and southcast- 
ward scratches as well as drift. But none such occur. The 
bowlders of the upper current, or those from the northwestward, 
are mingled with the valley till, occurring within it, and on top of 
it. All evidence opposes the idea that it was brought in before 
the valley movement supplied the valley drift; and all facts ac- 
cord with the explanation given that the bowlders of the upper 
glacier current sunk into the lower or valley current, and were 
deposited by the latter. Some of the bowlders taken from the 
region west of the valley in Massachusetts were carried 70 miles 
southward without going eastward more than half away across 
the valley, or about ten miles. 


Art. XVIII.—Supplement to Paper on the “Paramorphic Origin 
of the Hornblende of the Crystalline Rocks of the Northwestern 
States ;’ by R. D. IRvine. 


In my paper on the above subject in the July number of 
this Journal it was my design to show how widespread is the 
alteration of augite to hornblende in the rocks of the region 
referred to; so widespread, indeed, that, as stated therein, 
“after an examination of about a thousand thin sections, rep- 
resenting the crystalline schists, acid eruptives and basic erup- 
tives of a region some 400 miles in length by 300 in width, 
and of three distinct geological systems, I have found no horn- 
blende that is not clearly, or very probably, secondary to 
augite.” It was of course not my design to claim the first 
discovery in the rocks of this region of this elsewhere well 
known form of alteration. Such a claim would have been 
manifestly absurd. As far as concerns all the different 
classes of rocks mentioned above except the basic eruptives, 
my descriptions and those of my assistant Professor C. R. 
Vanhise were indeed the first notice for this region of such a 
change, so far as I am aware; but in the basic eruptives of the 
region it had previously been repeatedly noticed by several 
lithologists, including myself. Since the matter of this form 
of alteration is not unlikely to assume some considerable im- 

ortance, and since several geologists have been of late work- 
ing independently on the rocks of this region, it may tend to 
prevent possible future misconceptions if I give a brief his- 
torical account of the microscopic work hitherto done, and the 
bearing of the results on this question. This historical account 
was omitted from my paper, above referred to, through fear of 
making it too lengthy, it being supposed that lithologists would 
be sufficiently cognizant of the facts. 
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The earliest microscopic work upoa the crystalline rocks 
of the northwest that I have learned of was that of Mr. C. E. 
Wright, of Marquette, Mich.; indeed his work was among 
the earliest done anywhere in the country. He published 
in 1878, in the second volume of the Report of the Geo- 
logical Survey of Michigan,’ descriptions of 78 sections of 
rocks of the Marquette Iron-Bearing Series, including a num- 
ber of inassive and schistose greenstones, to most of which the 
names of “ diorite” and “ diorite-schist” are given, though one 
is doubtfully referred to diabase.* But these descriptions are 
very meagre, being barely more than macroscopic; and, hav- 
ing been made at a very early day, when the microscopic 
characters of the rock-forming minerals were much less well 
known than now, they have little present value. 

In 1877, A. Streng published a description of a number of 
crystalline rocks from Minnesota, among them several augitic 
greenstones from the Keweenawan and older formations. The 
gabbro from Duluth, Minnesota, he describes as “ hornblende- 
gabbro,” it containing hornblende in addition to the augitic 
ingredient, though he does not regard the hornblende as see- 
ondary in nature, which I think it undoubtedly is.* 

In the same year Mr. C. E. Wright publisned descriptions of 
87 rocks from Central Wisconsin.* A number of hornblendic 
schists are here included, but no mention is made of any 
augite, although several of these same rocks were subsequently 
found to carry it as cores to the hornblende individuals. 

Next in point of time should be placed the admirable paper 
of Dr. Wichmann, which, though not published until early in 
1880, left the author’s hands as early as 1876.° It is a syste- 
matic treatise on the lithology of the Huronian of the Mar- 
quette and Menominee regions of Michigan and Wisconsin, 
and is based upon the examination of some 500 thin sections, 
and several times that number of hand specimens, collected by 
Major T. B. Brooks, all of whose collection Dr. Wichmann 
saw, though he never examined these rocks in the field. It is 
the only systematic treatise yet published upon the lithology 
of this formation, and is one which will long be a standard, 
even though the science has advanced beyond it in some re- 
sects. Besides bringing out. many other interesting points, 
Wichmann shows for the first time that the greenstones of the 
formation are nearly altogether diabase (using the Rosenbusch 
nomenclature), contrary to the previously received views, and 
in some of these he shows that there occurs a uralitic altera- 

1 pp. 213-231. 221. 

a eek Jahrbuch, 1877, p. 113; also R. Pumpelly, Geology of Wisconsin, 

. iii, p.. 35. 


* Geology of Wisconsin, vol. ii, pp. 637-642. 
5 Geology of Wisconsin, vol. iii, pp. 600-656. 
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tion to the augite.° He also shows that there are transition 
forms between the relatively rare diorites and the diabases,’ 
though he does not express the opinion that the former are 
altered from the latter. He also shows that the microscopic 
characters of these greenstones indicate plainly their eruptive 
origin,’ thus confirming the early views held by Foster and 
Whitney and numerous others, as against the later views of 
Kimball, Brooks, et al. 

In 1878 appeared Professor Pumpelly’s ‘“ Metasomatic De- 
velopment of the Copper-Bearing Rocks of Lake Superior,” a 
masterly account of the augitic greenstones of the Keweenawan 
series, and of the metasomatic changes they have undergone. 
In this account the nature of the Keweenawan traps and amyg- 
daloids was first shown, but no hornblende-bearing varieties 
are mentioned. 

Besides Wichmann, already mentioned, several other litholo- 
gists give descriptions in the third volume of the Geology of 
Wisconsin, their work having mostly been done between 1876 
and 1878. Pumpelly, whose manuscript left him in 1878, de- 
scribes a number of sections from the copper series of Northern 
Wisconsin,” among them several uralitic gabbros," in which 
the hornblende constituent has resulted from the change of 
diallage to augite. Pumpelly’s sections and manuscript de- 
scriptions were in my hands in 1878, and through them I first 
became acquainted with this form of alteration. In Part III of 
this volume” I myself give briefly, the descriptions having 
been written in 1878-79, the results of a study of some 200 
thin sections from the Laurentian, Huronian and Keweenawan 
of Northern Wisconsin, among them a considerable number of 
sections of hornblendic or uralitic gabbros” in addition to 
those described by Pumpelly. One of the latter besides sev- 
eral others are figured on the colored plates." I also describe a 
peculiar greenstone carrying “ basaltic” hornblende and argue 
that the hornblende in it also is secondary to augite and show 
that in all the Keweenawan greenstones carrying hornblende, 
and then examined, that mineral is secondary to augite. In 
Part III, Appendix B, A. A. Julien gives descriptions of 
eleven rocks, among thein some hornblendie greenstones from 
the Huronian of the Penokee region, but evidence of the sec- 
ondary origin of the hornblende was not found in his sections, 
though it is evident now that these too are uralitic. 

In Parts IV and VIII of the same volume Mr. C. E. 
Wright describes a large number of sections from the Huro- 
nian of the Penokee and Menominee regions, but although he 

6 pp. 607, 627, 628. 7p. 624. * p. 627. 

® Proc. Am. Acad. Sci., vol. xiii, pp. 253, 309. | pp. 30-49. ‘"! pp. 365, 36. 
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occasionally notices’ the occurrence of augite in the green- 
stones, he stil] regards them as mainly diorites, even speaking 
of one case from the Menominee region as the only instance 
of diabase in the Huronian then known to him.” Of the 
others who give descriptions of the Marquette and Menominee 
rocks in this volume Alport, Hawes, Julien, Rutley and Toérne- 
bohm, the last named only, so far as I have found, describes 
any of the secondary hornblende; but the exception is an 
important one, since he says of the hornblendic rock of Light 
House Point that it is ‘‘no true diorite, since it contains re- 
mains of augite.” The others, however, confirm Wichmann 
in saying that diabase is widely represented in the Marquette 
and Menominee Huronian, and Hawes says that to judge from 
the sections some of the diabases are eruptive.” Brooks also 
says of the greenstones of these regions that the hornblendic 
and augitic varieties “‘ appear to graduate into each other, but 
whether through alteration or original differences in composi- 
tion, cannot always be ascertained.” * 

Three months after the publication of the third volume of 
the Geology of Wisconsin appeared Mr. M. E. Wadsworth’s 
‘Notes on the Iron and Copper Districts of Lake Superior.” 
In these he gives the general results of the examination of a 
large number of thin sections. So far as the Copper Series is 
concerned his only new lithological work is in connection with 
the pebbles of the Keweenawan conglomerates,—which had 
before been described macroscopically only, though correctly, 
by Pumpelly and Marvine—in which he shows the frequent 
presence of the peculiar “quartz de corrosion” described by 
Fouqué and Lévy, he regarding them as old trachytes and 
rhyolites. Of these pebbles certain granitoid kinds, called by 
Wadsworth “granitoid trachytes,” carry hornblende, which is 
beyond doubt I think a secondary hornblende, though Wads- 
worth does not hold this view. In the notes on the iron district 
he gives field descriptions from which he argues that many of 
the rocks—including greenstones—described by Brooks and 
others as sedimentary, are eruptive, and among numerous 
other kinds, he describes briefly a number of greenstones 
from the vicinity of Marquette, Ishpeming, Republic, Hum- 
boldt, Champion and Negaunee, and shows that they are 
in the main augitic, thus confirming the conclusions reached 
by Wichmann in 1876. But he goes further and shows 
that many of the hornblendic Huronian greenstones, as pre- 
viously shown by Pumpelly and myself for the hornblendic 
Keweenawan greenstones of Northern Wisconsin, are but 
altered or uralitic augitic rocks, and expresses the opinion, 
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which so-far as I know he was the first to do, that all of the 
hornblendic kinds of this Huronian region were originally 
augitic. Speaking of the basic intrusive rocks of the region 
collectively, he says: ‘‘ They would pass, according to the ordi- 
nary definitions, macroscopically and microscopically, for di- 
orite, quartz diorite, diabase, chlorite-schist, hornblende-schist, 
etc., yet we regard them all simply as more or less altered 
forms, according to age and conditions, of rocks that were orig- 
inally the same in origin, structure, composition and name,— 
basalt.”” In his view that these ancient greenstones were once 
“ basalt,” Mr. Wadsworth is not wholly peculiar, since the same 
generalization has been extended by others as well as by hiin 
over all ancient hornblendic eruptive rocks,” while the ‘“ dio- 
rites” of many other regions have been shown to be merely 
altered augitic rocks,” 

In 1880-81, I was engaged in a microscopic study of the 
rocks of the entire extent of the Keweenaw series, the results 
of which study are given in a memoir forming vol. v of the 
monographic series of the publications of the U. S. Geological 
Survey, and in an abstract of this memoir in the Third Annual 
Report of the Survey, which publications though in type over 
a year since, are only just about being issued. A brief pre- 
liminary announcement of my results was given in the Second 
Annual Report of the Survey. In these publications I con- 
clude that all of the hornblende of the eruptives of the Ke- 
weenawan, acid as well as basic, is secondary to augite. 

In 1880-81 I studied a suite of specimens from the Flam- 
beau valley, Wisconsin,” and in connection with my assistant 
Professor C. R. Vanhise the crystalline rocks of the Wisconsin 
River valley” belonging to the Archean. In this study not 
only did we find that all of the hornblende of the greenstones 
examined (including gabbro, diabase, diorite, etc.) was second- 
ary to augite, but also all of that of the hornblende gneisses, 
hornblende schists, syenites, and hornblende granites. Since 
the paper above alluded to was printed we have examined 
many more sections from the Archean rocks, from Lake Huron 
to the Mississippi, and have thus far found nothing to change 
our views. 

46. 

% @, ¢. Judd, ‘ Volcanoes,” 1881, pp. 261-268; see also Wadsworth, Bull. Mus. 
Comp. Zool., 1879, v, 275-287; Science, 1883, i, 127-130. 

% e.g. Belgium, see Geikie’s Text-Book of Geology, 1882, p. 143. See also 


Wadsworth, Proc. Bost. Soc. Nat. Hist., 1877. xix. 217-237. 
35 pp. 618-622. 6 Geol. of the Wis., vol. iv, pp. 625-714. 
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Art. XIX.—On Herderite (?), a glucinum caleium phosphate and 
fluoride, from Oxford County, Maine; by WILLIAM EARL 
HIppDEN and JAMrES B. MACKINTOSH. 


In the January number of this Journal, page 73, attention 
was called to the mineral here described. Our specimens were 
obtained in October, 18838, from Mr. Nathan H. Perry, of South 
Paris, Me. They were then thought to be topaz, so much did 
they resemble that mineral in form and color, and also from the 
fact of their being from the same ledge, though not from the 
same pockets, that yielded the fine crystals of topaz noticed in 
this Journal, IIT, xxv, p. 161. 

Mr. Perry has since informed us that these specimens were 
found in October, 1882, on a bleak ledge near Stoneham, in 
Oxford county, Maine, at a point about 14 miles, a little west 
of south, from West Bethel station on the Grand Trunk R. R. 

Some weeks after they were received, we noticed that the 
basal cleavage, characteristic of topaz, was absent, and that the 
hardness of the mineral was 5, instead of 8, as in topaz. 

The crystals are implanted in small clusters, and separately, 
on quartz crystals, and are often partly embedded in them: 
they also occur on muscovite: some little albite (var. cleave- 
landite) is often associated with them. The average size of 
the crystals is about 3™ diameter, though one of 1™ and 
another of nearly 2, length and thickness was noticed. This 
last crystal was the only one which gave a hint of cleavage 
possibly existing in the mineral; a distinct pearly luster was 
observed while looking into it on the basal pinacoid. 

All the crystals,.and we have not yet found the mineral mass- 
ive, are bright, well formed and rich in planes, which, however, 
are not usually suited for exact measurement from the presence 
of minute prominences over their surfaces. No regular stria- 
tions seem to be present on any of the planes. The faces of 
one of the octahedrons are invariably dull and waxy-looking 
and in this respect differ from the other planes observed. 

Apparently the crystals are orthorhombic, with JAZ 116°. 
A macrodome measured over edge, JA J gave 91° 30’, which 
would require 184° 15’ for the angle of this plane on O, and a 
brachydome measured over O gave 113°. The observed planes 


are O, J, ¢-2 (?), three brachydomes, two macrodomes, three 
octahedrons and two other octahedral planes beveling the 
edges between the regular octahedrons and the brachydomes.* 


* The best crystals which we have received have been placed in the hands of 
Mr. E. S. Dana for crystallographic determination, and his results will be pub- 
lished in the next number of this Journal. He has given us the following data 
for publication here: The fundamental angles obtained are 1-%.1-%, over 0, 
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The mineral is colorless to faintly yellowish, and is trans- 
parent to sub-transparent. Streak white. Crystals very brittle, 
with fracture small conchoidal. As the form, hardness, 
streak, color, associations and mode of occurrence were nearly 
if not quite the same as those recorded for the rare species 
herderite,* it was concluded that these crystals must belong 
to that species and accordingly tests were made to positively 
identify it. A specific gravity determination on a small 
quantity gave the result of 8, and on testing for phosphoric 
acid it was found to be present in large quantity. 

These results, together with previously obtained crystallo- 
graphic data, seemed to point conclusively to the fact that it 
was herderite, or a new mineral species. As no quantitative 
analysis of herderite has ever been published and as the qual- 
itative analysis accorded to it was uncertain, we commenced 
a quantitative analysis of it in order to determine its formula. 
The methods pursued in its analysis were as follows: For the 
determination of phosphoric acid, 300™* were fused with sodium 
carbonate. The fused mass when treated with water and nitric 
acid left an insoluble residue which was decomposed by heating 
with sulphuric acid ; the solution of the residue contained only 
a trace of phosphoric acid. The two solutions were mixed and 
used for the determination. 500™% were treated with silica and 
sulphuric acid to eliminate fluorine and, after driving off the 
excess of acid, dissolved in dilute hydrochloric acid The 
residue was fused with sodium carbonate, the silica separated 
(011 . 011) = 45° 54’, and 1-% 4 3 (011 , 331)=57° 7’. From these the axial ratio 
has been calculated @ : 6: c=1: 0°6823:1°6114. The axial ratio obtained by Haidin- 
ger for herderite is 1 ; 0°6783:1'5971. Some of the more important angles (supple- 


ment angles) of the Maine phosphate, compared with the corresponding angles of 
the original herderite, are as follows: 


Maine phosphate. Herderite. 
= 63° 39’ 64° 7’ 

1-2. 1-%(101, 101) = 68° 37’ 68° 18’ 
= 45° 5 B° 2” 
6-1. 6-% (061 061) = 137° 2 37° 8” 
OA1(0014111) = 38° 467 38° 41” 

043 (001,331) = 67° 27’ 67° 25” 

These angles show that the form of the Maine phosphate approaches closely to 
that of the original herderite. 


* “ Herderite, as originally described, is orthorhombic, JA [= 115° 53’, OA 1-7 
= 145° 57’, observed planes 0, J, 1, 3, 4, 3-7 and 6-7. Cleavage: J interrupted. 
H.=5. G.=2-°985. Luster vitreous, inclining to sub-resinous. Color various 
shades of yellowish and greenish white. Translucent. Fracture small conchoidal. 
Very brittle. Composition, probably, after trials by Turner and Plattner: an 
anhydrous phosphate of alumina and lime with fluorine. B.B. fuses to a white 
enamel with difficulty ; becomes blue with cobalt solution. Dissolves when finely 
powdered in muriatic acid. Found very rarely at the tin mines of Ehrenfrieders- 
dorf, Saxony (‘also a good topaz locality’). Resembles the asparagus variety 
of apatite. (Dana’s Syst. Min., 5th ed, p. 546). 


Hidden and Mackintosh—Herderite from Maine. 137 


and the solution added to the main one. The solution was 
diluted to 500° and used to determine the other constituents. 
200° were taken and the lime precipitated as oxalate in an 
acetic acid solution. 100° were taken and precipitated with 
ammonia. The precipitate contained all the phosphoric acid 
combined with part of the lime and all the other bases present. 
In the filtrate the excess of lime was determined as oxalate. 

The fluorine was calculated from the excess of lime. The 
glucina was determined by subtracting the lime and _phos- 
phorie acid known to be present from tie ammonia precipitate 
and proved to be glucina both by its equivalent weight and by 
its reactions when afterwards separated. 

The results obtained are :— 


Calculated. 


104°60 
4°76 less O 


99°84 | 100°00 
Corresponding to the formula 
8CaO, P,O,+3G10, P,O,+ CaF, + GIF, 
or as it might be written, 
3(4CaO 4G10), P,O,+($CasGI)F,, 


The differences between the obtained and the calculated 
values are to be expected when the quantities used are con- 
sidered. The methods employed also would tend to make the 
lime low and the glucina high. There is no doubt, however, 
that the above formula represents the true composition of the 
mineral. When heated on charcoal before the blowpipe, this 
mineral phosphoresces brightly and becomes white and opaque. 
When moistened with cobalt solution and reheated it becomes 
dark externally, but when fractured the interior surfaces show 
in part an amethystine color. 

The results of the analysis are of great interest, since it is 
the first time that glucina has been recognized in any mineral 
in any other form of combination except as a silicate or 
aluminate. 

In case the original determination of herderite, by Turner 
and Plattner, was correct, namely, an alumina lime phosphate 
fluoride, then this mineral from Maine is not herderite but a 


Found. | 

GIO (or GI,O,) ---.---- 15°39 

——| — 

— 104°89 

less O 4°89 
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new species. However, the probability is, from the imperfect 
nature of the work previously done, that this mineral from 
Maine is identical with the herderite of Haidinger (Phil. Mag., 
iv, 1, 1828, Dana’s Syst. Min., p. 546). Should it prove to be 
otherwise, we suggest the name of Glucinite as appropriate. 

Feeling under obligation to Mr. Perry for furnishing us with 
a supply of specimens for the purposes of this article, we take 
pleasure in here thanking him for his kindness. 

New York, January 3, 1884. 


Art. XX.—Note on the Decay of Rocks in Brazil; by 
ORVILLE A. DERBY. 


IN examining a collection of specimens from two borings 
made in the coal basin of Arroio dos Ratos, Province of Rio 
Grande do Sul, Brazil, the following observations bearing on 
the decay of rocks were made. 

These borings were made in a search for coal in a basin of a 
few square leagues of surface, of horizontal sedimentary strata 
resting on crystalline rocks. Near the center of the basin a 
coal. mine is being worked at a depth of 62 meters from the 
surface, from which I have seen a large specimen of Lepidoden- 
dron in a moderately hard blue shale. This establishes the 
Carboniferous age of the coal; and although no complete geo- 
logical study of the basin has ever been made, the proprietors of 
the mine have evidently assumed tiat the whole sedimentary se- 
ries of the kasin is of the same age. As no other formation has 
been recognized, and as the borings traversed several thin layers 
of a highly bituminous character containing unrecognizable 
plant remains and approaching an impure coal, this assumption 
1s probably correct. 

The deeper boring, which had been carried to a depth of 141 
meters from the surface, was sunk, for the most part, through a 
large series of beds varying from a few inches to several feet 
in thickness, of reddish, drab, greenish, black and umber-colored 
clays that present every appearance of being decomposed shales. 
This series commences at 4 meters from the surface, being over- 
laid by clayey soil, and extends to a depth of 120 meters. Be- 
low that level the shale is sufficiently hard to be called stone, but 
in all other respects except hardness the upper and lower parts of 
the boring are so similar that I cannot but consider them as 
belonging to the same geological series which, in some way, 
has suffered decay to the extraordinary depth of 120 meters. 

The other boring, 98 meters deep, traverses 20 meters of su- 
perficial sands and clays, terminating below with a gravel bed. 
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Then come 60 meters of clays (decomposed shales) very-simi- 
lar to those above described, and evidently belonging to the 
same series, although it is impossible to exactly codrdinate the 
beds of the two borings. This, however, is not surprising, as 
such thin and rapidly alternating beds are not likely to preserve 
the same order and relative thickness over any considerable 
area. At the depth of 80 meters a gneissoid rock is met with 
which is quite as much decayed as the overlying shales. This 
rock appears to have been a highly micaceous gneiss contain- 
ing a few scattered crystals of feldspar which are completely 
kaolinized. The mica is in part completely altered to a bluish 
unctuous clay, part is only partially decomposed, presenting 1ll- 
defined flakes with a silvery luster, while occasional scales of 
black and unaltered mica can still be distinguished in the rock. 
The mass effervesces slightly with acids and has apparently 
received a portion of lime from the overlying shales which con- 
tain calcareous layers. 

So far as can be judged from the small fragments taken from 
the boring, this mass is a true gneiss decomposed in situ and 
not a bed of arkose intercalated! in the shale. The shale bed 
immediately above it, about a meter thick, is homogeneous 
and of a dark umber color, without any appearance of having 
derived its material from the underlying rock. It appear’, on 
the contrary, to have been deposited on a hard surface of unde- 
composed gneiss which has afterwards decayed along with the 
overlying shales. The boring penetrated the gneiss to the 
depth of 18 meters, but no hard rock was met with, 

Without a more complete knowledge of the geology and 
topography of the region it is impossible to assign a reason for 
the decay having extended so much deeper at the place of the 
borings than at the coal mine only a few. miles away, in what is 
presumably the same geological series. The occurrence of hard 
undecomposed shale in the bottom of the first boring appears 
to connect the rocks of the two borings and of the coal mine, 
and to render unnecessary the hypothesis of the pre-Carbonifer- 
ous decay of the gneiss. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysics. 


1. On the perfect Elasticity of chemically-definite Solid bodies. 
—Sprine has sought to determine experimentally whether the 
specific volume of a chemically-definite solid is permanently dimin- 
ished by pressure. With certain metals, the density differs accord- 
ing as the specimen has been produced by casting or rolling; but 
the question arises, is this increase of density by rolling or ham- 
mering due to an actual condensation of the metal itself, or to the 
disappearance of gas bubbles formed in the process of casting ? 
It is noticeable that metals like platinum, gold, silver and copper 
which absorb gases readily when melted and give them up only 
partially on cooling, are those which exhibit the greatest increase 
In density on subjecting them to pressure. For his experiments, 
Spring selected several metals and several chemically pure salts 
and subjected them to pressures of about twenty thousand atmos- 
pheres, the specific gravity being carefully determined both before 
and after pressing. The duration of the experiment lasted three 
weeks; and then after determining the specitic gravity, the sub- 
stance was again subjected to pressure, this time for only a few 
days: A third measurement of specific gravity was then made. 
Thus lead, whose density before pressing was 11°350 at 14°, had 
a specific gravity of 11°501 at 14° after the first pressing, and of 
11°492 at 16°, after the second. Antimony was 6°675 at 15°5° 
before, and 6°73 at 15° and 6°740 at 16° after pressing. Zinc, 
7°142 at 16°, was 7°153 at 16° and 7°150 at 16° after it was pressed. 
Potassium sulphate, 2°653 at 21°, was 2°651 at 22° and 2°656 at 
22°, after the pressure. Potassium alum, 1°758 at 21°, became 
1°756 at 16°5° and 1°750 at 16°5°. Potassium chloride, 1°980 at 
22°, became 2°071 at 22° and 2°068 at 21°, after pressure. It will 
be noticed that after the first pressing, the density of some of 
these bodies was slightly increased; but that then it reached its 
maximum, and did not change on pressing a'second time. With the 
exception of the haioid salts, which were fused to remove moisture 
and hence were vitreous, the condensation observed cannot be 
due to a compression of the substance itself, but is due rather to 
a filling in of cavities or cracks. The condensation is collateral, 
not fundamental. Moreover this permanence of density is not 
due to the incompressibility of the materials, since their volume 
continually diminished as the pressure increased. On removing 
the pressure however, the original volume was completely resumed, 
the elasticity of these solids being as perfect as that of liquids and 
gases. Some time ago the author had shown that bodies capable 
of existing in two allotropic states, one of which was denser than 
the other, showed a change of density under pressure, the lighter 
form being always converted into the heavier. Thus prismatic 
sulphur on pressure becomes the heavier octahedral form, yellow 
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amorphous mercuric iodide changes to the heavier red crystalline 
variety, amorphous arsenic becomes the heavier crystalline arsenic. 
Hence Spring enunciates the following law: Pressure can pro- 
duce no permanent condensation in solid bodies, unless these 
bodies can be converted into an allotropic state specifically 
heavier. The applications of this law to allotropism and to the 
elasticity of solids are discussed in the paper.—Ber. Berl. Chem. 
Ges., xvi, 2723, Nov., 1883. G. F. B. 

2. On nitrogen selenide.—BERTHELOT and VIEILLE have exam- 
ined thermochemically a specimen of nitrogen selenide placed in 
their hands by Verneuil. They determined the heat evolved by 
the explosion of this dangerous substance, much in the same way 
as with nitrogen sulphide. Two experiments, in each of which 
3 grams of material were used, gave the following equation : 
NSe (93 grams)=N +Se: 429 and 42-4 calories, or, as a mean 
42°6; or 42°83 calories at constant pressure. Nitrogen selenide 
therefore is formed with absorption of heat (—42°3 calories), like 
its congeners nitrogen sulphide (—31°9 calories) and nitrogen 
dioxide (—21°6 calories); the heat absorbed increasing with the 
chemical equivalent, following the ordinary law.— Bull. Soe. 
Chim., Il, xl, 420, Nov., 1883. G. F. B. 

3. On Hyponitrous acid and silver Hyponitrite—BrErtHELoT 
and Ocier have examined the hyponitrous acid of Divers and 
also its silver salt. The latter was prepared by the process of 
the discoverer, dissolved in very dilute nitric acid and reprecipi- 
tated with ammonia. Finding the salt to undergo decomposition 
at 100° C. the authors dried it in vacuo at the ordinary tempera- 
ture and in the dark. Thus prepared it contained a trace of water 
but no reduced silver. On analysis it gave a slightly different 
formula from that ordinarily accepted, viz: Ag,N,O,. The acid 
would then be H,N,O,. The authors believe that this formula 
accords better with the results obtained by a quantitative study 
of its reactions and with the existence of the acid salts discovered 
by Zorn. The action of heat upon silver hyponitrite was tested 
in four ways: Ist, the salt was placed in an exhausted tube and 
heated to dull redness, the nitrous vapors evolved being re-absorbed 
by the silver; 2d, the salt was heated in a current of dry CO, 
which carried off the nitrous vapors and condensed them in a 
solution of hydrosodium carbonate which was then titred. The 
reactions are Ag,N,O, =N,0,+N,0,+Ag,; and then the re- 
absorption (N,O,),+Ag,=(AgNO,),+N,0,; 3d, the silver 
hyponitrite was heated over a naked fire and yielded a mixture 
ot metallic silver and nitrite, the latter requiring a prolonged cal- 
cination to destroy it; 4th, the salt Was decomposed with a dilute 
acid and then heated to boiling. Nitrogen monoxide is evolved 
as Divers states; but the reaction is not as simple as he supposed, 
all the nitrogen not being evolved in this gas, but a part going to 
form nitric acid thus : 


(H,N,0,;),=(N,0), + (HNO). +(H,9O),. 
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Oxidation with iodine, bromine and potassium permanganate were 
resorted to. Iodine seems to have no action upon hyponitrous 
acid either free or combined; but bromine produces a character- 
istic reaction : 

Ag,N,0,+(H,0),+Br,,=(HNO,), + (HBr), , +(AgBr),. 
The action of permanganate is irregular unless a large excess of 
sulphuric acid be employed; the oxygen absorbed is about eight 
per cent corresponding to three equivalents. Nitrogen monoxide 
is produced as follows: 

Ag,N,0,+0,+H,O=N,0+(HNO,), +(Ag,0)>. 

The silver oxide unites with the sulphuric acid. The heat of 
formation of silver hyponitrite was determined by oxidizing it 
with bromine water. Five calorimetrical experiments made be- 
tween 12° and 14° gave 29°65 calories. From this the value 
—9°3 calories is deduced as the heat absorbed by N, +0,,+ Ag,, 
and —16°3 calories for N,+O,,+Ag,0. For the acid itself the 
heat evolved in the reaction of dilute hydrochloric acid upon 
silver hyponitrite was measured, and from it the heat of formation 
was calculated as 38°6 calories. It is formed from its elements 
then with absorption of heat; whence its instability.— Bull. Soc. 
Chim. II, xl, 401, November, 1883. G. F. B. 

4. On certain new Compounds of Silver.—In 1879, Gutzeit 
proposed a reaction for arsenic depending on the fact that if a 
piece of filter paper, moistened with a drop of concentrated silver 
nitrate solution, be exposed to hydrogen arsenide a lemon-yellow 
color is developed. Po.teck and Tutmmet have investigated 
this reaction. The silver solution should be concentrated—equal 
weights of silver nitrate and water—and then the reaction is given 
by hydrogen sulphide, phosphide and antimonide as well as ar- 
senide. With hydrogen sulphide a yellow to yellowish-green 
spot appears, surrounded by a black edge, the whole becoming 
black after a time. Moistened with water, the same change takes 
place. The spot shows a distinctly acid reaction. To isolate 
the yellow compound, H,S was passed into a concentrated solu- 
tion of silver nitrate until the escaping gas blued a solution of 
iodide of zinc and starch. <A yellowish-green precipitate was 
produced, which, washed with dilute nitric acid and dried in the 
air, became darker in color, and on analysis gave the formula 
(Ag,S.AgNO,). Its formation is given in the equation : 

(AgNO,), + H,S=(Ag,S.AgNO,) +(HNO,),. 
On gently heating it decomposes thus : 
(Ag,S.AgNO;),=(NO,), + Ag, + (AgeS); + Ag.S0,. 
This compound is obtained also by treating silver sulphide with 
fuming nitric acid. But if the nitric acid have a specific gravity 
of 1°18, a violet-brown kermes-colored powder is also obtained. 


This latter body is also produced by heating in a water bath a 
solution of 40 parts silver nitrate and 35 parts of water and adding 
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5 parts of sulphur gradually with constant stirring. This powder 
has the composition (Ag,S.Ag,SO,). The compound which 
arsenic forms, was obtained as a yellow crystalline mass which 
decomposed on drying, Analysis of the solution led to the for- 
mula Ag,As.(AgNO,),. Hydrogen phosphide gives a, precisely 
similar body Ag,P.(AgNO,),, and so does the antimonide, 
Ag,Sb.(AgNO,),. With reference to the toxical application of 
this reaction the authors say that the lemon-yellow spot produced 
by arsenic, with its brown-black edge, becoming immediately 
black when moistened with water, is easily distinguished from 
the more greenish-yellow spot given by sulphur, which water does 
not affect, and the antimony spot which shows on its brownish 
edge a gray-white mirror. The spot produced by phosphorus is 
not easily distinguished from that of arsenic. But since phos- 
phoric acid is not reduced to hydrogen phosphide by nascent 
hydrogen, it will seldom interfere. With regard to the delicacy 
of the reaction, six thousandths of a milligram of arsenous oxide 
introduced into the evolution flask gave a distinctly recognizable 
yellow spot after 15 or 20 minutes and 0°015 milligram gave the 
reaction in 5 minutes, the spot becoming black on moistening it 
with water. Its delicacy is therefore quite equal to that of Marsh’s 
method.— Ber. Berl. Chem. Ges., xvi, 2435, Oct., 1883. G. F. B. 
5. Velocity of Sound in Air.— Mr. J. D. Buarkiey has 
determined the velocity of sound in small tubes with the idea 
that, by taking tubes whose diameters are in definite ratios, the 
calculation might be extended to embrace the case of the velocity 
of sound in a tube of infinite diameter—or in other words—in the 
free air. Before the author’s results are given certain criticisms 
of the results of previous observers are made. Determinations of 
the velocity of sound in the open air are effected by the uncertain 
element of the humidity of the air and by the want of homo- 
geneity of the layers of air. Kundt’s method, which consists in 
exciting vibrations inside a tube and observing the nodes and 
segments by means of lycopodium powder is suited for compara- 
tive rather than for absolute results. Leloux’s method, which 
consists in the employment of a tube closed by two membranes, 
one of which is tapped, and the interval between the blow and 
the response of the other membrane is measured gives uncertain 
results on account of the want of equality in the tension of the 
two membranes. Regnault’s results in long pipes seem to require 
a greater rate of diminution in the velocity of sound, if extended 
to tubes such as are used in musical instruments, than actual ex- 
periments on these tubes show. Mr. Blaikley obtains for tubes 
of 11°7™™, 19°5™™, 32°57" and 54:1™™ in diameter, the following 
results for the velocity of sound: 324°56, 326°90, 328°78, 329.72. 
He also finds that waves near their origin are not of normal 
length, and he conjectures that some of the results obtained by 
LeRoux in gun-fire experiments would give closer results if they 
were corrected for this divergence.— Phil. Mag., Dec. 1883, pp. 
447-455, J. T. 
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6. The Condensation of Aqueous Vapor as a source of 
Atmospheric Electricity.—The evaporation of water and the con- 
densation of vapor have each in turn been regarded by many as 
the source of the electricity of thunder storms. Late experiments 
of Freeman (Phil. Mag., v, xiii, p. 400, 1882) and of Blake (Wied. 
Ann., xviii, p. 525, 1883) seem to show that no electricity results 
from the evaporation of pure water. Mr. S. Kalischer has taken 
up the question whether condensation of aqueous vapor is a 
source of electricity. He used a Kirchhoff quadrant electrometer. 
The instrument and the leading wires were suitably protected 
from local disturbances. The outsides of twelve large beaker 
glasses were covered with tin foil and were filled with ice. They 
were then placed upon an iron plate which in turn rested upon a 
thick glass plate, and pieces of paraffine were placed beneath the 
corners of this glass plate. The beakers with their support were 
placed in a metal box which was connected with the ground. 
The cover of the box was a fine meshed metallic net which 
allowed the air entrance without friction. The moisture in the 
air condensed upon the beakers. One set of quadrants of the 
electrometer was connected with the beakers and the other set 
with the ground. It was noticed that the deflections of the in- 
strument were of the same sign and the same amount, whether 
the beakers were filled with ice or not. The deflections were 
sometimes greater when the beakers were empty than when they 
were filled with ice. In order to test whether both kinds of elec- 
tricity appeared at once, the condensation water was suitably 
examined but no trace of electrification was observed. Finally 
the beakers were filled with a freezing mixture so that a layer of 
ice was formed on their outer coverings. No electrical condition 
was observed, and the author concludes that by means of our 
present apparatus we are not able to show that condensation of 
vapor or the formation of hail is a source of atmospheric elec- 
tricity.— Wied. Ann., No. 12a, 1883, pp. 614-620. x, 7 

7. Red Sunsets.—The foreign journals contain accounts of the 
peculiar sunsets which have also been noticed in America. In 
the Comptes Rendus of Dec. 3d, the marked sunsets of Nov. 26th 
and 27th are described and are supposed to be connected in some 
way with the November meteoric shower. No reference is made 
to the extent of the phenomenon. In the Comptes Rendus of 
Dec. 10th news had been received of the generality of the phe- 
nomenon. It is apparent to the observers that the peculiar sun- 
sets are not auroral in character. M.M. Bertrand, Dumas and 
D’Abbadie give descriptions of the sunsets seen by them, and 
the latter refers to the extent of the phenomenon over the earth ; 
and is inclined to attribute it to the eruption of Java. The snow 
in parts of Norway has contained a gray powder which analysis 
may prove to be of the same constitution as the dust from vol- 
canic eruptions. The rosy light of the sunset is easily distin- 
guished from the light of an aurora. It does not scintillate and 
has the appearance of light modified by layers of matter greatly 
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extended in high regions of the atmosphere. There are no con- 
temporaneous magnetic disturbances and one does not observe a 
marked rain band. Apparently there is a band of absorption ex- 
tending from D to the less refrangible portion of the solar spec- 
trum.— Comptes Rendus, Dec. 10, 1883, p. 1384. J. T. 

8. Physical Studies of Lake Tahoe.—Prof. Joun LeConte 
has recently published in the Overland Monthly a series of arti- 
cles giving a discussion of the results of some physical observa- 
tions made by him at Lake Tahoe in 1873. Lake Tahoe, also 
called Lake Bigler, is situated at an altitude of 6247 feet in the 
Sierra Nevada Mountains, partly in California, partly in Nevada. 
The lake has a length of 22 and a width of 12 miles. As regards 
its origin, the author regards it as a “plication-hollow,” or a 
trough produced by the formation of two mountain-ridges, after- 
wards modified by glacial agency. The depth of the lake is 
remarkable, the observations taken at ten stations along the 
length of the lake gave the following depths in feet: 900, 1385, 
1495, 1500, 1506, 1540, 1504, 1600, 1640, 1645. This depth ex- 
ceeds that of the Swiss Lakes proper—Lake Geneva, for exam- 
ple, has a maximum depth of 1096 feet—but is considerably less 
than that of Lakes Maggiore and Como on the Italian side of the 
Alps. A series of observations of the temperature of the water 
were taken between the 11th and 18th of August. The average 
corrected results are as follows: 


Depth in feet. Temp. (C.) Depth in feet. Temp. (C.) 
0 (surface) . | 330 (bottom) 
50 400 
100 480 (bottom) 
150 A 500 
200 600 
250 772 (bottom) 
300 : 1506 (bottom) 


The temperature, therefore, diminishes with increasing depth to 
about 700 or 800 feet, and below this remains sensibly the same 
down to 1506 feet; or in other words a constant temperature of 
4° C. prevails at all depths below about 820 feet. This is in accord- 
ance with the theory, the temperature named being that of the 
maximum density of water, and it confirms the recent observations 
of Professor Forel in Switzerland; he found, for example, that a 
coustant temperature of 4° C. was reached in Lake Ziirich at a 
depth of nearly 400 feet, the lake being then covered with 4 
inches of ice. The explanation of the observed fact that Lake 
Tahoe does not entirely freeze over even in severe winters is 
found in the extreme depth; and the fact that the bodies of 
drowned persons do not rise to the surface after the lapse of the 
usual time is explained by the low temperature prevailing near 
the bottom which does not allow the necessary decomposition to 
go forward so as to produce the ordinary result. 

The water of Lake Tahoe is remarkable both for its transpar- 
ency and beauty of color. A series of observations made at the 
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close of August or beginning of September showed that a hori- 
zontally adjusted dinner plate of about 94 inches diameter was 
visible at noon at a depth of 108 feet. The maximum depth of 
the limit of visibility as found by Professor Forel in Lake Geneva 
was 56 feet ; he showed, moreover, that this limit is much greater 
in winter than in summer as explained in part by the greater 
absence of suspended matter and in part by the fact that increase 
of temperature increases the absorbing power of water for light. 
The maximum depth of visibility in the Atlantic Ocean, as found 
by Count de Pourtales, was 162 feet, and Protessor LeConte 
states his belief that winter observations in Lake Tahoe would 
place the limit at even a greater depth than this. The author 
gives a detailed and interesting discussion in regard to the blue 
color of lake waters, reviewing in full the results of previous 
writers on the subject, and concludes that while pure water un- 
questionably absorbs a larger part of the red end of the spectrum 
and hence appears blue by transmitted light, the color seen by 
diffuse reflection is mainly due to the selective reflection from the 
fine particles suspended in it. 

The last subject discussed by the author is that of the rhythmical 
variations of level, or “seiches,” of deep lakes; he applies the usual 
formula to Lake Tahoe and calculates from it the length of a com- 

lete longitudinal, and of a transverse “seiche;” these are found to 
be 18 or 19 minutes in the first case and 13 minutes in the second. 


II. GEOLOGY AND MINERALOGY. 


1. Geology of Wisconsin, Survey of 1873-1879; T. C. 
CaamBERLIN, Chief Geologist; vol. I, xxiv and 726 pp. 8vo, 
with maps and figures; and vol. IV, xxiv and 780 pp., with 27 
plates of figures of fossils, in 8vo, maps and sections in the text, 
and accompanied by an Atlas of maps.—These two volumes com- 
plete the series of Wisconsin Reports, volume II having been 
published in 1877 and volume III in 1880, The series is one of 
special interest and value, because of the range of the geologi- 
cal formations and their products, and also the able treatment of 
the various subjects that come under discussion. 

Of the new volumes, volume I contains a popular review by 
Prof. Chamberlin of General Geology (300 pages), in which facts, 
figures of fossils, etc., and maps, from Wisconsin geology, are freely 
introduced; and also other brief reviews of the facts connected 
with the subject of minerals and rocks, by R. D. Salisbury and 
R. D. Irving ; lists of fossils, plants, crustaceans, lepidopters 
and vertebrates among animals; an elaborate paper on the 
economic relations of Wisconsin birds, by F. H. King, and a 
review of the economic geology of the State by R. D. Irving, 
M. Strong and T. C. Chamberlin. Volume IV is occupied with a 
geological and topographical report on a northwestern portion of 
the State, by Moses Strong, and another on the Lower St. Croix 
district, by L. C. Wooster; a Paleontological Report, by R. P. 


H 


Geology and Mineralogy. 147 


Whitfield, illustrated by 27 lithographic plates; report on the 
ore deposits (lead, etc.) of southwestern Wisconsin, by Prof. 
Chamberlin ; on the crystalline rocks of the Wisconsin Valley, by 
R. D. Irving and C. R. Vanhise; and on cther subjects. 

In the course of the part on General Geology, Prof. Chamberlin 
gives his views on the origin of the iron, copper and lead ores of 
the State. The great iron ore beds of the Huronian are regarded 
as originally deposits made in waters or marshes, approximately 
as bog ores are now made. The same view is held by Prof. Irving. 
The opportunities for observation which the Archean ore beds 
of the region afford give great weight to the opinion of these 
geologists. 

The copper and silver of the Keweenaw formation are attributed 
to the same deep-seated source with the igneous rocks in and near 
which they occur, they having existed in some condition in tle 
rocks that were melted to produce the lavas or -trappean beds, 
Prof. Chamberlin holds also that after being brought up by the 
molten rock, they were chemically extracted thence by percolating 
waters and concentrated in the porous belts or fissures of the for- 
mation; that surface wear gave metallic ingredients to the adja- 
cent sea, and so sediments became impregnated, which through 
subsequent concentration originated other copper and _ silver 
deposits. 

Prof. Chamberlin refers to the view (favored by the writer) 
that the copper and silver may bave been derived from rocks en- 
countered by the molten material on its way to the surface, and 
objects to it on the ground that the underlying rocks, so far as 
determinable from their outcrops, “ give no warrant for the sup- 
position that they contain such ore deposits.” But in the writer’s 
understanding of the theory, the ores may have come from the 
rocks of any part of the walls of the fissure, even down ten, 
twenty or more miles, according to the depth of the region of 
fusion; the rocks may hence be part of the originally consolidated 
crust, nowhere within reach of observation; and the depths, 
those where the extreme temperature was over 1,000° F., and 
possibly little short of that of fusion, where, consequently, what- 
ever material was movable by means of vapor or otherwise, would 
move, slowly or with a rush, according to the supply, into the 
opened fissure or vacuum, and so might accompany the molten 
material to the surface; and if the fusion were a local phenome- 
non within the crust, resulting from subterranean disturbance, 
the locus might be the region of fusion itself, in which case the 
two views in part coincide. The theory adopted by the writer 
brings the two classes of veins into one category; for the ores 
of granitic, quartzose and other veins in metamorphic rocks away 
from igneous ejections seem to have no other source but that 
indicated—the region adjoining some part of the fissure. The 
attending conditions embrace all the agencies needed for the 
gathering of the ore and other material, the alteration of the 
rocks, and the concentration and distribution of the ores; chief 


Scientifie Intelligence. 


among which agents are heat and moisture, the former of almost 
indefinite amount, and the latter in large subterranean supply 
toward the surface if not abundant below. This “ subterranean 
supply toward the surface” must have been very copious in the 
case of the Lake Superior eruptions. 

Prof. Chamberlin discusses the subject of the erosion of Paleo- 
zoic formations in Wisconsin, with interesting conclusions. Speak- 

-ing of the valley of the Mississippi, he observes that at La Crosse 

it now runs, according to an artesian boring in the gravel, at 
least 170 feet above its ancient bed. The basin of Lake Superior 
is made a geosynclinal trough (the bottom now 400 feet below 
the sea-level), formed in the period of the Keweenaw formation, 
though more or less modified subsequently by erosion. Lake 
Michigan—its bottom of mud now 300 feet below the ocean level 
(and its original bottom underneath the sediment probably 400 
or 500 feet)—is referred to as a pre-Glacial basin, the site of a 
vast amount of erosion, but not wholly a result of erosion. 

In volume IV, Prof. Chamberlin has (in its “ Part IV,” 150 
pages) a very full account of the ore deposits in southwestern 
Wisconsin. It will be read with great interest in connection with 
the Missouri Report on the same general subject by Adolf 
Schmidt. The author, after an account of the observations of 
Dr. Percival in 1854-1855, and of J. D. Whitney in 1859, treats 
first of the ores that were original to the beds—the galenite, 
sphalerite, pyrite, marcasite, chalcopyrite, calcite, dolomite, barite ; 
and next of those of secondary origin, as the lead carbonate and 
sulphate, zine silicate and anhydrous and hydrous carbonates; 
iron carbonate, hematite and limonite; copper carbonates; with 
pyrolusite and gypsum. The forms and constitution of the ores 
are treated of, the distribution of the ore deposits, with map 
illustrations, the origin of the cavities which contain the deposits, 
and the conditions under which they were made. He points out 
that from Lake Superior to southern Illinois the feeble flexures or 
undulations of the strata have a general, but varying, east and 
west trend, showing a common direction of movement by lateral 
pressure through the Paleozoic as well as in Archean time; and 
he presents as the common if not general fact that the ore-beds 
are most abundant.in the ranges of the depressions. The cavities 
of erosion which contain the ore were determined in position by 
preéxisting crevices; these were largely due to the movement 
and flexure, just referred to. Many figures illustrate the form 
and origin of the cavities. The relations of the ores to each other 
and the changes in them since their deposition are also discussed. 
The theory of origin supposes that the deposits were made by 
oceanic waters, which owed their metalliferous salts to the leach- 
ing of adjacent lands; and that oceanic currents gave aid in the 
distribution of the ores. This solution of the question has its 
doubts, as the author admits. They would be much less, we 
think, if the oceanic waters were supposed to be those of large but 

prtly confined shallow areas of the borders of the ocean. For 
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the special views as to the means of solution by the waters and 
other points, the reader is referred to the volume. 

Prof. Irving’s lithological work, so far as reported in volume 
IV, is confined to the crystalline rocks of the upper Flambeau 
River and to those of the Wisconsin valley; the latter was car- 
ried on by himself and C. R. Vanhise. He gives an excellent 
review of the rocks and minerals of the State in volume I. His 
extended study of the copper-bearing rocks of Lake Saperior is to 
be published as volume V of the monographic series of reports of 
the U. 8. Geological Survey. <A full abstract of this elaborate 
work has appeared in the Third Annual Report of the Director of 
the U. 8. Geological Survey, of which it occupies 100 pages. A 
brief account of some of his important results is contained in his 
paper in the last volume of this Journal (page 27). 

Prof. Wooster, in his account of the geology of the lower St. 
Croix district, speaks of the coarse beds of the Potsdam sandstone 
in the vicinity of Chippewa Falls as containing pebbles of feld- 
spar, as well as quartz, with mica scales, proving that its material 
came from the Archean granitic rocks on the northern borders of 
the formation. He also states that the green sand (glauconite) of 
the formation is confined mostly to its upper 300 feet, and where 
it occurs usually gives a green color to the soil above. J. D. D. 

2. The Geology of the Susquehanna River region in the six 
counties of Wyoming, Lackawanna, Luzerne, Columbia, Montour 
and Northumberland; by I. C. Wurtz. Report of Progress G7 
of the Geological Survey of Pennsylvania. 464 pp. 8vo, with sec- 
tions in the text and a finely colored geological map in two parts. 
Harrisburg, Pa., 1883.—The area covered by this report of Pro- 
fessor White contains about 2000 square miles, and is situated 
within the northeastern quarter of the State. The facts connected 
with the Quaternary are first mentioned—the features of the 
terminal moraine, which crosses the area, the glacial scratches 
north of it, effects of flooded-river transportation, river gravels 
and terraces, and buried valleys. The terraces of the Susquehanna 
in the vicinity of South Easton, have the heights above low water 
of 35 feet (the modern flood-ground), 100, 150 and 200 feet. The 
last is quite narrow and has at top a deposit of nearly white 
siliceous clay “which seems to mark the uppermost limit of the 
river during the era of the flood.” Near Northumberland the 
four terraces have the heights above the river of 25, 55, 80 and 
175 feet. Coarse gravel deposits (bowlder beds) occur in some 
parts of the Susquehanna high terraces, and generally about the 
mouths of its tributaries. 

One of the buried valleys is that of the “old Susquehanna” 
between Pittston and Kingston, north of the present channel, 
and passing under the town of Kingston. In different borings 
along it, near Kingston the bed rock was struck at depths of 212, 
185, 210, 180 feet, showing the valley to be buried at 212 feet or 
more, At Pittston, the course of the Susquehanna changes from 
south-southeast to about west-southwest, the latter the course 
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south of Pittston and of the buried valley. The west-south- 
westward or east-northeastward course is continued eastward 
by the Lackawanna River, and along this stream the buried 
valley extends for some distance, a boring two miles north of 
Pittston reaching the bed rock at a depth of 80 feet. This 
buried valley of the “old Susquehanna” was found by the out- 
crop of rocks not to extend westward beyond Berwick; the facts 
show that the bottom of the old valley near Kingston is 70 fect 
lower (referred to the sea-level) than the outcropping rocks floor- 
ing the river near Selinsgrove, 70 miles down stream. The facts 
naturally lead to enquiry for the continuation of the old water- 
way. Professor White’s views on the point (referred to on page 
27), are not given in the Report. He has sent a statement of 
them to the writer, and from that we learn that he rejects the 
idea of a northward discharge, which Mr. Carll suggested for the 
Alleghany and Beaver Rivers in pre-Glacial times) on account 
of the topographical difficulties; that he regards it as most prob- 
able that the old channel was excavated by the river in pre-Glacial 
times, when the land to the north was at a higher level than now; 
that the filling with sands and gravel took place during the era 
of subsidence following the Glacial, the era of floods and deposi- 
tion; and that after this, in the elevation which followed bringing 
the land to its present level, the amount of elevation experienced 
by the different regions to the north and south was unequal. 

The rocks of the region range from the Medina sandstone on 
the south to the top of the Devonian. Professor White identifies 
the Salina formation in its New York position between the 
Niagara and Lower Helderberg groups, but without its salt or 
gypsum. 

Some of the most important facts in the Report relate to the 
wide range of fossils. of well-known limited positions in the 
Devonian and Upper Silurian of New York. The Spirifere, 8. 
disjuncta, S. mesocostalis and 8S. mesostrialis, as determined by 
Mr. Claypole for Professor White, instead of marking definite 
horizons of the Chemung group, as in New York, occur in alter- 
nating beds, which are regarded as intermediate between the 
Catskill and Chemung, and are called the Catskill-Chemung beds. 
Again Chonetes setigerus, a Hamilton species in New York rarely 
seen in the Chemung, is reported as found 2000 feet above the 
top of the Hamilton, along with the first two of the above Spiri- 
fere. Halysites catenulatus is reported as very abundant in the 
Lower Helderberg, in a bed underneath the Stormville limestone 
of the Lower Helderberg group, while, according to Hall (as 
stated on page xxiii of the report), “no one has ever before found 
it above the Niagara,” and it has been seen lower than this group, 
and even in the Trenton, Sp/rifer arenosa, “or a form very 
much like it,” characteristic of the Oriskany in New York, is here 
reported from beneath the Oriskany and in the Stormville con- 
glomerate of the Lower Helderberg. 

It has long been believed that a complete investigation of the 
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Paleozoic fossils of Pennsylvania would throw much light on the 
actual distribution of the species so well studied by Professor 
Hall in New York; and it is not at all improbable that com- 
mingling should exist of fossils that are confined in New York to 
distinet “horizons, proving changes from migrations like those 
illustrated in modern geographical distribution. It is of the 
greatest importance therefore that the fossils and the beds be 
determined with all possible care in order that the doubts sug- 
gested by rules or conclusions regarded as “established” may 
be fully removed. Beyond the fact that the observations make 
out discrepancies between the New York and Pennsylvania dis- 
tribution, nothing appears in the volume to discredit the detailed 
sections given by Professor White, one of the best and most 
careful geological observers on the survey. 

3. Das Antlitz der Erde, von Epuarp Svuxss, mit Abbildungen 
und Kartenskizzen. Erste Abtheilung, 310 pp. large 8vo. 1883. 
Prag (F. Tempsky) and Leipzig (G. Freytag).—The present vol- 
ume forms the first of three parts of which it is announced that 
the complete work will consist. The whole subject, after the 
introduction, is to be discussed under four heads, entitled—(1) The 
movements in the outer rock-crust of the earth, (2) ) The mountains 
of the earth, (3) The changes of the form of the surface of the sea, 
(4) The face of the earth. Under this last division the subject mat- 
ter in the preceding parts will be brought together and discussed 
and the existence of great transgressions of the sea in early times 
explained. The book will close with observations on the distri- 
bution of organic life on the surface of the planet. 

The preceding statements, taken from the prospectus, will 
show the scope of the work, as it is to be finally completed. The 
volume, now published, embraces the first and part of the second 
division of the subject as above defined. The author opens the 
discussion with some general statements as to the grand features 
of the earth, calling attention to the wedge shape which charac- 
terizes the outline of the bodies of dry land, and questioning the 
correctness of the view accepted by many as to the essentially 
unchanged relation of land and sea since the early history of the 
planet. He speaks further of the Pacific type as characterized by 
a general correspondence between the course of the mountain chains 
and the ocean coast line, and the Atlantic type, characterized by a 
want of correspondence in these respects. ‘The Indian Ocean and 
the neighboring land is regarded as belonging to the Atlantic 
type, the boundary between it and the Pacific region to the east 
extending from the Bengal depression northwest to the: outer 
chains of the Himalaya, follows then the Indus to its mouth, 
along the Persian Gulf and the course of the Euphrates, and 
finally in complex relations westward through Morocco to the 
Atlantic coast of Africa. 

In taking up the discussion of the first division of the subject— 
the movements in the outer rock-crust of the earth—the author 
first turns to the Flood, to which he devotes some 70 pages, re- 
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garding it as deserving this prominence as being the most im- 
portant natural catastrophe of which there is any written record. 
Without following him in his examination of the biblical and 
other records, and of more recent phenomena in the same region 
which bear upon it, it is worth while to note his conclusion, viz: 
that the Flood was an event confined to the lower Euphrates, 
consisting in an extended and devastating overflow of the Meso- 
potamian depression, the essential cause of which was a great 
earthquake in the region of the Persian Gulf or south of this, and 
that during the time of the most violent shocks a cyclone proba- 
bly broke in from the Persian Gulf on the south. 

A second chapter takes up in detail several regions which have 
been liable to earthquake shocks, These are: (1) the northeastern 
Alps, in which the phenomena are not connected with a volcano; 
(2) Southern Italy, where volcanoes are present but not situated 
in a general line, although their connection with the shocks can 
be recognized ; (3) Central America, where earthquakes are fre- 
quent though not known with exactness, where the peculiar 
arrangement of the volcanoes shows of itself the position of the 
great lines of disturbance; (4) West coast of South America, in 
which a question of especial importance comes up as to the eleva- 
tion of the land in connection with earthquakes—a question 
which the author decides in the negative. 

The third chapter discusses the general topic of dislocations in 
the earth’s crust. The cause of these is found in the movements 
produced by the diminution in the volume of the earth giving 
rise to (1) tangential and (2) radial strains, of which the first 
tend to produce horizontal and the second vertical movements. 
The dislocations are discussed under these two heads. First, dis- 
locations caused by tangential movement ; here numerous interest- 
ing examples are given of the folding over of strata, as in the 
Alps; secondly, dislocations produced by sinking, for an example 
of which the author turns to the structure of the Plateau region of 
Utah as described by Dutton, finally, dislocations due to the two 
causes united, of both tangential movement and sinking. 

In the fourth chapter the subject of voleanoes is taken up, the 
special object being to follow out the gradual uncovering and 
destruction of a volcanic mountain—or to investigate a so-called 
denudation-series, This series is traced from the recent volcanoes 
of Central America, not yet a century old, together with those 
like Stromboli and Kilauea which are in coutinuous activity ; to 
the volcanoes which have frequent eruptions, as Vesuvius, Etna, 
or less frequent as Ischia, and still further to those of whose 
eruptions history gives no certain account, but which still retain 
the cinder cone, as the Puys of Auvergne; next come volcanoes 
which have been partially reduced to ruins, retaining only the 
skeleton of the cinder cone; then those cases in which the lateral 
intrusion or injection of acid lavas has become visible as in the 
Henry Mountains; and further till the rock masses of the depths 
are laid bare along the several lines of outbreak, or if the uncover- 
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ing has gone still further till the connection with the common 
opening is visible; and finally to masses, “ batholiths,” which never 
reached the surface in fluid condition but which solidified in the 
depths, and of which evidence is sometimes had in the altered 
strata which formed a part of the original covering. The author 
thus passes from the ash deposits of the present to the granite 
masses of the Erzgebirge and the Drammen granite of Norway, 
and to the complex relations of the granites of the Alps. 

The concluding chapter is devoted to the different classes of 
earthquakes, and their relation to earlier and more extensive 
movements in the earth’s crust. 

This memoir by Professor Suess promises, when completed, to 
be an important contribution to geological science. The author’s 
extensive reading, together with his personal observations, gives 
him a wide and varied range of illustrations, which add much to 
the interest of his writings. 

4. Unconformability between the Upper and Lower Silurian 
formations in New Jersey, bearing on the question as to the limits 
of the Green Mountain disturbance. (Letter from Prof. G. H. 
Coox to J. D. Dana, dated New Bruns vick, N. J., Jan. 12, 1884.) 
—I notice in your comments on the Pennsylvania Geological 
Report, D3, vol. i, in the last number of the Journal of Science, 
the remarks on the unconformability of the Hudson River and the 
Oneida conglomerate rocks. In our Geology of New Jersey, 
1868, p. 135, is a wood cut made to show the unconformability 
of the two rocks at Otisville. This was made from a sketch 
drawn on the spot in 1867. The various localities about Rondout 
have undoubtedly the best exposures for seeing the unconform- 
ability of these Upper and Lower Silurian rocks. Professor 
Smock and myself examined them in 1867, when we were looking 
for good examples to show the relation of these rocks to each 
other in New Jersey. * 

5. General Geological Map of the area explored and mapped 
by Dr. F. V. Hayden, from the surveys under his charge, 1869 to 
1880.—This handsome geological map represents by colors the 
areas, severally, of the Tertiary, Post-Cretaceous or Laramie, 
Cretaceous, Jura-Trias, Carboniferous and Silurian formations, 
with those covered by metamorphic (mostly, if not wholly, 
Archean) and by volcanic rocks, between the meridians of 100° 
W. and 110°-112° W., and the parallels of 36° and 48° N. It is 
made from the investigations carried on by the expeditions under 
Dr. Hayden, with corrections for parts “covered by reconnois- 
sance only,” “to some extent by the work of other expeditions.” 
It is a chart of great interest, giving the first satisfactory connec- 
ted view of the geological formations over this most important 
part of the Rocky Mountain region; and Dr. Hayden merits 
much for the part he has taken in the work, the results of which 
are here so finely displayed. The scale of the map is 1: 2,600,000, 
or 41°03 miles to the inch. 

6. Emeralds from North Carolina.— At a recent meeting 
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(January 7), of the New York Academy of Sciences, Mr. George 
F. Kunz exhibited some a of emerald collected by Mr. J. 
A. D. Stephenson, of Statesville, North Carolina. Mr. Stephen- 
son says of them: “ These emeralds occur on the property of Mr. 
J. O. Lackey, about one mile southwest of the Emerald and Hid- 
denite Mining Company’s property, Stony Point, North Carolina, 

a short distance from the Lyons property (Smeaton’ s), and are 
r taney in a vein of black decomposed mica associated with quartz 
crystals, common ruatile and hiddenite. I consider the locality a 
promising one, although there has been very little work done as 
yet.” Mr. Kunz stated that the lot received by him consisted of 
33 crystals, from half an inch to two inches in length, in color 
varying trom colorless to a light emerald green, and nearly all 
had the curious saw markings in considerable number on each 
vertical edge of the prism, and some contained single crystals of 
rutile. Mr. Kunz called attention to the interest attaching to 
these crystals in the fact that they were found at some distance 
from the Emerald and Hiddenite Company’s preperty, and that 
between these there is the Lyons property on which Mr. Smeaton 
found the same minerals, showing that the deposit is not an acci- 
dental one, and that there is encouragement for future work in 
this section of the State. 

7. Tourmaline from Auburn, Maine ; by WM. Eart Hippxn. 
(Communicated).—Transparent tourmalines having the following 
planes, viz:— R, O, —4, 48, J and 7-2 have been found in consid- 
erable numbers at this new locality. The colors are pale shades 
of blue, green and pink, all these shades often present in the 
same crystal. The common form is a trihedral prism with 
rounded faces, terminated solely by the rhombohedron —4, and 
the scalenohedron—4%. Not rare are crystals wholly terminated 
by $3, which type, that of an acute peak, is new to the species. 
The faces are unusually smooth and bright for tourmalines. The 
following angles were obtained (with a hand goniometer), and 
are very nearly correct, viz := —$A — $==133°, 7-2=113° 30’, 
4-2A43=142° 43 IN $3=112° and 149° 30’, i-2\ R=128° 30’. 
Hemimorphie 1 rystals, consisting of the single plane O at one 
extremity, and with —4, $3 and # at the other end were found. 
Gems of pale colors could have been cut from many of the crys- 
tals. For their crystallographic interest alone, aside from their 
beauty, they merit a place in every cabinet. The crystals varied 
in size from those of 3" in diameter, and 2™ in length, to those 
of 1™ in diameter, and 3™ in length. A few very remarkable 
crystals were 5 to gem long. Associated with them was some little 
cassiterite, considerable jepidolite, in unexampled crystals, and 
much quartz and cookeite. A single crystal of columbite, of 3 
grams weight, was quite equal in polish and in richness of planes 
to those from Standish, Maine. The locality promises to be of 
financial importance regarding the production of material for 
gems. The pocket was much decomposed and nearly all the 
crystal contents were in detached pieces, or in broken fragments. 
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It is to Mr. Nathan H. Perry, of South Paris, Me., that we are 
indebted for discovering and bringing to our notice this valuable 
locality. As early as 1868, Mr, G. C. Hatch had found, while 
cultivating his farm in Auburn, a small bowlder containing tour- 
malines, but nothing of interest was discovered until, in July last, 
Mr. Perry found and opened up the pockets whose contents are 
above described. 


Ill. Botany AND Zoouoey. 


1. Botanical Fragments; by Sir Cuartes J. F. Bunsury, 
Bart., F.R.S., ete. London, 1883.—A handsome volume of 370 
pages, 8vo (including a full index), printed by Spottiswoode & 
Co., which, although not published, and therefore known only to 
a limited circle, is from beginning to end so thoroughly readable 
and instructive that it ought not to pass unnoticed. Two or three 
of the six articles it contains, or parts of them, have already 
appeared, one of them in the Transactions of the Linnean Society, 
a good while ago. The others are new, although based upon 
observations and notes made when this veteran observer was 
younger than he now is. The first essay is upon the “ Influence of 
the Chemical Composition of Rock on Vegetation. The second, 
on some characteristics of South American Vegetation; and this 
is followed by Notes on the Vegetation of Brazil, and by Notes 
on the Vegetation of Buenos Ayres and the neighboring districts ; 
while the fifth essay gives a similar and detailed account of the 
Vegetation of the Cape of Good Hope. These papers describe 
the aspect and general characteristics of these several floras, as 
they strike the botanical observer, and in such a clear and natural 
way that the reader may almost fancy himself as traversing the 
ground with a well-instructed companion. Moreover, the notes 
are not restricted to personal observations on the spot, but have 
been collated even with the most recent authorities. We know 
of no one who in our day has written such excellent and well- 
delineated sketches of vegetation, bringing to view not only 
aspect and general features, but also botanical characteristics. 
In his herborizations at the Cape of Good Ilope the author 
had the companionship of the late Professor Harvey, then resid- 
ing there. The last essay, on the Characters of Leaves, reviews 
the leading peculiarities of the foliage in the principal Dicotyle- 
donous plants, and concludes “that, although in several instances 
the affinities of plants may at least be guessed from their leaves, 
this will seldom hold good throughout any large order, however 
natural.” A. G. 

2. Illustrated Descriptive Catalogue of American Grape 
Vines, a Grape Growers’ Manual; by Busu & Son and Meiss- 
NER. Third ed. St. Louis, Missouri. pp. 153, 8vo.—This is a 
wonderfully full account of the Grapes of the United States, wild 
and cultivated. The history of the cultivated varieties or forms, 
and the species from which they have been derived, are succinctly 
indicated. As to the indigenous forms, this third edition of the 
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catalogue is made more valuable to the botanist, as well as to the 
cultivator, by Dr. Engelmann’s revised and largely new account 
of the True Grape-Vines ef the United States, now brought up to 
thirteen species. The latest accession is of a very old species, 
Vitis palmata of Vahl, described in few words by this author 
from a plant which was cultivated in the Jardin des Plantes at 
Paris, perhaps a hundred years ago, which was also recognized 
as a species by the elder Michaux at the beginning of this cen- 
tury (for, although unpublished, it exists in his herbarium as V. 
rubra, but was merged by the witer of his Flora in the nearly 
allied V. riparia), he having collected specimens on the banks of 
streams in Illinois. Finally it has been detected by Mr. Eggert 
of St. Louis, on the banks of the Mississippi, above that town; 
and Dr. Engelmann has in this revision fixed its characters. 
Michaux’s name must have been suggested “by its bright red 
branches, from which the bark separates in large flakes.” For 
the identification of all the species, Dr. Engelmann adds a series of 
figures of seeds, thirty-three in number, in outline, of natural size, 
and a magnified view of the chalazal face of each, all drawn to 
scale. Considering the part which the American vines are to piay 
in the future, it is fortunate that, at this early period of their cul- 
tivation and inter-breeding, and while they can be referred back 
to their wild types, they have been subjected to the close and 
prolonged scrutiny of such a critical investigator as Dr. Engel- 
mann, and that he has taken care to publish successive mono- 
graphical revisions, setting forth his latest additions to the stock 
of knowledge, which, from first to last, we mainly owe to him. 
A. G. 
3. The Law of Heredity: A Study of the Cause of Varia- 
tion and the Origin of Living Organisms. By W. K. Brooks, 
Associate in Biology, Johns Hopkins University. Baltimore: J. 
Murphy & Co. 1883. pp. 336, 12mo.—This small but full book, 
which we hasten to announce rather than to review, is perhaps 
‘the most considerable and the most ambitious contribution to the 
doctrine of the development of species which has appeared in this 
country. <A discriminating and thorough critical notice of it 
could not be given in small space, and would require'an amount of 
time and consideration which we cannot now afford. Heredity is 
the leading word of the title; but the second part of the title 
gives the key to the essay. It is a supplement to Darwinism on 
the speculative side, a contribution by a trained zoologist and 
comparative anatomist, with a genius for speculation, to what 
may be called molecular biology. The author understands natu- 
ral selection—its weak points as well as its strong ones—is natu- 
rally attracted to pangenesis, and has built upon it his new theory 
of heredity; we should say rather of the cause or origin of varia- 
tion. This is developed and expounded with a great wealth of 
illustration. The hypothesis is woven of the same tenuous mate- 
rial which forms the staple of Darwin’s pangenesis; but it seems 
to be better adapted for wear than the original fabric. Darwin 
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himself, who appears not to have set great store by his own con- 
ception, would have hailed Mr. Brooks’s version of it as an improve- 
ment. He would have pounced at once upon the fact (which the 
author announces and hopes to act upon), that a leading point in 
the new hypothesis—the idea that in reproduction variation is 
given by the male element—may be experimentally tested by the 
cross-breeding of plants. If it stands that test, there will be 
something tangible for the hypothesis to rest upon. But it will 
not be easy to prove that variation, commonly originating in 
reproduction, but sometimes without it, is due to the male 
element. 

The proof-reading of this volume has been negligent, names of 
persons are sometimes wrongly written (Vilmorin is hardly recog- 
nizable as Vilmore); in a great gathering of facts some question- 
able ones find a place; and now and then there is an opinion or a 
bit of reasoning that may be assailed. A. G. 

4. Reports on the Results of Dredging under the Supervision 
of A. Agassiz in the Gulf of Mexico (1877-8), in the Caribbean 
Sea (1878-9), and along the U. 8. Atlantic Voast (1880), by the 
Coast Survey Steamer Blake-—Report on the Echini by A. 
Acassiz. 94 pp. 4to, with 32 plates. Memoirs of the Mus. 
Compar. Zool. at Harvard College, vol. x, No. 1.—Besides the 
descriptions and admirable plates of this Report, it contains a 
brief chapter on the Origin of the West Indian (Caribbean) 
Echinid Fauna, from which the following is taken, The deep- 
sea fauna of the Caribbean sea and Mexican gulf is far more 
closely allied to that of the Pacific than to that of the Atlantic; 
and this is attributed to a connection between the oceans before 
the Cretaceous period freer than that with the Atlantic. Many 
of the Pacific genera remain until now unchanged; while Atlantic 
types have been added that previously found less favorable condi- 
tions for their development than those which now exist. The view, 
besides explaining the mixed character of the fauna, also shows 
that the time elapsed since the separation of the oceans, however 
long, has not been sufficient to effect any very radical change in 
the Echinid fauna of the two sides of the Isthmus. Physical 
conditions, the author observes, are so nearly alike on the two 
sides that little change should be expected from this source, and 
that which occurred appears to be due mainly to immigration. 

The Echinid fauna of the West Indies comprises more than 
a quarter of all known species; and out of it, 5 genera date back 
to che Jurassic; 10 to the Cretaceous; 24 to the early Tertiary; 
and only 4 to the later Tertiary. Seven of the genera are repre- 
sentatives of the Ananchytide and Infulasteride and of the 
Pseudodiademide of the Cretaceous period. 

The great equatorial oceanic current is supposed by the author 
to have probably swept nearly uninterruptedly around the globe 
previous to the close of the Cretaceous era; and from that time 
“the specialization of the great Atlantic and Indo-Pacific marine 
realms began.” The marine life of the Jurassic and Cretaceous 
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periods about Great Britain has been thought to show that the 
Gulf Stream was probably flowing northward then as now and 
producing similar effects on British climate. This is not inconsist- 
ent with the conclusion above cited ; since the connection between 
the Gulf and Atlantic, according to Mr. Agassiz’s deduction, was 
imperfect enough to have interfered much with the transfer of 
deep-sea life from one to the other, which condition would have 
required that the depth between the two should not have exceeded 
75 or 100 fathoms, and in that case there would have been an 
Atlantic as well as a Pacific branch to the so-called Gulf Stream. 

5. Glyptocrinus re-defined and restricted, Gaurocrinus, Pye- 
nocrinus and Compsocrinus established und two new species de- 
scribed by S. A. Mitier. Jour. Cincinnati Soc. Nat Hist., vi, 
Dec., 1883.—The following observations on the vault of Glypto- 
crinus decadactylus are from this paper, the author of which has 
in his collection all the species of the genus excepting two from 
the Trenton and Hudson River group. They are from a letter 
on the paper received from the author.—The vault in this species 
is slightly convex in the central part and undulating toward each 
interbrachial area. It is composed of very numerous plates. 
Those in the central part are the larger ones and each bears a 
central tubercle or spine. Toward the margin the plates are 
smaller and possessed of slight convexity. They unite in the 
depressions in the interbrachial areas with the plates of the calyx, 
or rather the interradials graduate through the interbrachials to 
the plates of the vault without any line of separation. The plates 
are smaller as they approach the inner face of the arms over the 
swelling undulations of the vault, and gradually decrease in size 
and form a continuous granular integument that covers the inner 
sides of the ambulacral furrows. This continuation of the vault 
up the inner side of the arms I have observed for more than an 
inch above the vault, and have specimens at hand illustrating it, 
and entertain no doubt that it extended as far as the arm furrows 
themselves. The pinnules do not cover the arm groove, but 
become free upon each side of it, leaving an angular roof between 
them which represents the extension of the plates of the vault. 

Wachsmuth and Springer say (Revision of the Palzocrinoidea, 
p. 25): “It is important to note that in those genera in which 
the ambulacral groove is thus covered, no regular pinnules 
have ever been observed, and, moreover, the construction is such 
that no additional pinnulz could have existed; while on the other 
hand, no covering has ever been discovered with true pinnule ;” 
and, finally, they come to the conclusion that the plates covering 
the ambulacral groove were homologous with the pinnule, or as 
they say, “in fact rudimentary pinnule.” 

1 do not understand how or why pinnules should, in any case, 
act as a covering to the ambulacral groove, and I have never 
seen any evidence of their performing such a function, and can 
distinctly disprove it by specimens belonging to several different 
genera, 
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The mouth (as I regard it) of G. decadactylus is situated sub- 
centrally. It appears as a subcircular, rounded elevation com- 
posed of plates imbricating toward the center, while a few of the 
surrounding plates have rather long spines inclined toward the 
central part of the orifice. This imbricating arrangement of 
plates does not occur in any other part of the body, and is quite 
unique and peculiar. The vault, I believe, has never before been 
described, though parts of it have been known for many years 
and fragments are not rare. 

6. The Auk, a Quarterly Journal of Ornithology. Vol. 1, No. 
1, January, 1884. Editor, J. A. ALLEN; associate editors, E. 
Covers, R. Ripgeway, W. Brewsrer and M. CHAMBERLAIN. 108 
pp. 8vo. Boston, Mass, Published by Estes & Lauriat for the 
Ornithological Union. Continuation of the Bulletin of the Nuttall 
Ornithological Club, Price $3.00 a year.—This Journal has the 
best of American ornithologists in its editorial corps. It promises, 
as its papers show, to be attractive to the popular reader as well 
as to the scientific, and should have a large circulation. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The proposed Conference of Electricians at Philadelphia.— 
In order to secure the advantage of -holding the proposed Irter- 
national Electrical Exhibition in Philadelphia in September coin- 
cidently with the meeting of the American Association for the 


Advancement of Science and the anticipated visit of the British 
Association to the city, the Franklin Institute has appointed a 
special committee to confer with scientific men as to the best 
method to be adopted in order to make the conference a success. 
To defray the expense of such conference, a bill has been pre- 
pared asking for a smali appropriation from Congress. Scientific 
men interested in the measure are earnestly requested to give it 
all the aid in their power. Communications on the subject should 
be addressed to the Committee, which consists of M. B. Snyder, 
Edwin J. Houston, William H. Wahl, with Wm. P. Tatham, 
President of the Franklin Institute. 

2. Bust of Liebig.—Copies of the celebrated bust of the late 
Prot. Liebig which the sculptor, Prof. Wagmiiller, made in 1872, 
and which is considered the best extant, are to be obtained from 
the widow of the latter. The price in gypsum is $6; in imitation 
bronze, $8 ; including packing. Frau Prof. WacmiLuer, 

Bayerstrasse 25, Miinchen (Munich). 

Repertorium der Deutschen Meteorologie. Leistungen der Deutschen in 
Schriften, Erfindungen und Beobachtungen auf dem Gebiete der Meteorologie 
und des Erdmagnetismus, von den altesten Zeiten bis zum Schlusse des Jahres 
1881; von C. Hellmann. 995 pp. large 8vo. Leipzig, 1883 (W. Engelmann).— 
An invaluable bibliography to all who are interested in meteorology and terres- 
trial magnetism, and who would be acquainted with its historical development. 

Lehrbuch der vergleichenden Anatomie der Wirbelthiere auf Grundlage der 
intwicklungsgeschichte, bearbeitet von Prof. Dr. Robert Wiedersheim, Director 
der anatomischen und vergl. Institutes der Universitat Freiburg, etc. 2nd (and 
concluding) Part, with 261 wood-cuts. ° 
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OBITUARY. 


GeneRAL AnpREW A. HuMPHREYS. igadier-General An- 
drew Atkinson Humphreys died in Washington, on the 28th of 
November last, in the seventy-fourth year of his age. General 
Humphreys was graduated at West Point with the rank of Second 
Lieutenant on July 1, 1831. After active service in the war 
against the Cherokee Nation in Florida, and in the Seminole war 
in 1836, he entered the service of the United States as a civil 
engineer, to assist Major Bache on the plans for the Brandywine 
Shoal Light-house and the Crow Shoal Breakwater, Delaware Bay, 
and he was engaged in this work until July 7, 1838, when he was 
reappointed to the army with the rank of First Lieutenant, Corps 
of Topographical Engineers. From 1844 to 1849 he was in charge 
of the Coast Survey office at Washington. The topographic and 
hydrographic survey of the delta of the Mississippi River was 
carried on under his direction in 1849-50, and he had general 
charge of this work until 1851. After a year spent in Europe in 
examining the means for protecting deltas from inundation, he 
was placed in general charge, under the War Department, of the 
office duties at Washington connected with the explorations and 
surveys for railroads from the Mississippi River to the Pacific, 
and geograpbical explorations west of the Mississippi, a position 
which he ably filled until the breaking out of the civil war in 1861. 
During the war of 1861-65, he was in active duty in the field, and 
was made brevet Brigadier-General, on March 13, 1865, for gallant 
and meritorious services at Gettysburg, and brevet Major- General, 
United States Army, on the same day, for his services at Sailor’s 
Creek. On June 27, 1865, he was placed in command of the Mili- 
tary District of Pennsylvania, in the Middle Department, a com- 

mand which he held until Dec. 9, when he was assigned to his old 
engineering work, being placed in charge of the examination of the 
Mississippi levees, a work which occupied him until Aug. 8, 1866, 
when he was placed in command of the Corps of Engineers and 
in charge of the Engineer Bureau, in Washington, and promoted 
to the full rank of Brigadier- -General and Chief of Engineers. 

General Humphreys remained at the head of the Engineer Bu- 
reau of the army until June 30, 1879, when he was retired at his 
own request, Colonel Horatio G. Wright succeeding him. Dur- 
ing his service as commander of the Engineer Corps he also served 
on many important commissions, among which were the commis- 
sion to examine into the canal routes across the Isthmus of Pan- 
ama, from 1872 to 1877, the Board on Washington and George- 
town Improvements, the Revising Boards for Bulkhead and Pier 
Line of Brooklyn, of Staten Island, and of the Hudson River; the 
Board for the Survey of Baltimore Harbor and Adjacent Waters, 
and the Washington Monument Commission. His most import- 
ant Report is the great work on the “Physics and Hydraulics of 
the Mississippi,” prepared by him in conjunction with Lieutenant 
H. L. Abbott. He was the author, also, of a volume on the 
“Campaigns of the Civil War.’ He received the degree of 
LL.D. from Harvard, in 1868. 


APPENDIX. 


Art. XXI.— Principai Characters of American Jurassic 
Dinosaurs ; by Professor O. C. MARsH. Part VII. On the 
Diplodocide, a new family of the Sauropoda, (With Plates 
III and IV.) 


THE Sauropoda are now generally recognized by anatomists 
as a well-marked order of the Sub-class Dinosauria. In the 
previous articles of this series, the main characters of the two 
families of this order (Adlantosauride and Morosauride) already 
named by the writer have been given.* A third family is 
represented by the genus Diplodocus, a study of which, more 
especially of the skull, throws light on the whole group of 
Dinosaurian reptiles. 


THE SKULL. 


The skull of Diplodocus is of moderate size. The posterior 
region is elevated, and narrow. The facial portion is elongate, 
and the anterior part expanded transversely. The nasal 
opening is at the apex of the cranium, which from this point 
slopes backward to the occiput. In front of this aperture, 
the elongated face slopes gradually downward to the end of 
muzzle, as represented in Plate III, figure 1. 

Seen from the side, the skull of Diplodocus shows five open- 
ings: a small oval aperture in front (a), a large antorbital 
vacuity (d), the nasal aperture (c), the orbit (d), and the lower 
temporal opening (e) (Plate IV, figure 1). The first of these 
has not been seen in any other Dinosaurs; the large antorbital 
vacuity is characteristic of the Sauropoda; and the other three 
openings are present in all the known Dinosauria. 

* This Journal, xvi, 411, Nov., 1878; xvii, 86, Jan., 1879; xxi, 417, May, 
1881; xxiii, 81, Jan., 1882; and xxvi, 8], Aug., 1883. 

Am. Jour. Series, VoL. XXVII, No. 158.—Frs., 1884. 
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On the median line, directly over the cerebral cavity of the 
brain, the type specimen of Diplodocus has also a fontanelle 
in the parietals. This, however, may be merely an individual 
peculiarity. 


The plane of the occiput is of moderate size, and forms an 
obtuse angle with the fronto-parietal surface. 

The occipital condyle is hemispherical in form, and seen 
from behind is slightly sub-trilobate in outline. It is placed 
nearly at right angles with the long axis of the skull. It is 
formed almost wholly of the basi-occipital, the exoccipitals en- 
tering but slightly or not at all into its composition. The basi- 
occipital processes are large and rugose. The paroccipital pro- 
cesses are stout, and somewhat expanded at their extremities, 
for union with the quadrates. 

The parietal bones are small, and mainly composed of the 
arched processes which join the squamosals. There is no true 
parietal foramen, but in thevskull here figured (Plate III) 
there is the small unossified tract mentioned above. In one 
specimen of Morosaurus, a similar opening has been observed, 
but in other Suuropoda, the parietal bones, even if thin, are 
complete. The suture between the parietals and frontal bones 
is obliterated in the present skull, and the union is firm in all 
the specimens observed. 

The frontal bones in Diplodocus are more expanded trans- 
versely than in the other Sauropoda. They are thin along the 
median portion, but quite thick over the orbits. 

The nasal bones are short and wide, and the suture between 
them and the frontals is distinct. They form the posterior 
boundary of the large nasal opening, and also send forward a 
process to meet the ascending branch of the maxillary, thus 
forming in part the lateral border of the same aperture. 

The nasal opening is very large, subcordate in outline, and 
is partially divided in front by slender posterior processes of 
the premaxillaries. It is situated at the apex of the skull, be- 
tween the orbits, and very near the cavity for the olfactory 
lobes of the brain. 


The premaxillaries are narrow below, and with the ascend- 
ing processes very slender and elongate. Along the median 
line, these processes form an obtuse ridge, and above they pro- 
ject into the nasal opening. Each premaxillary contains four 
functional teeth. 

The maxillaries are very largely developed, more so than in 
most other known reptiles. ‘The dentigerous portion is very 
high, and slopes inward. The ascending process is very long, 
thin and flattened, inclosing near its base an oval foramen, and 
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leaving a large unossified space posteriorly. Above, it meets 
the nasal and prefrontal bones. Along its inner border for 
nearly its whole length, it unites with the ascending process of 
the premaxillary. Each maxillary contains nine teeth, all 
situated in the anterior part of the bone (Plate III, figure 1). 
Along their upper margin, on the inner surface, the maxilla- 
ries send off a thickened ridge or process, which meets its fel- 
low, thus excluding the premaxillaries from the palate. Above 
this, for a large part of their length, the ascending processes of 
the maxillaries underlap the ascending processes of the pre- 
maxillaries, and join each other on the median line. 


The orbits are situated posteriorly in the skull, being nearly 
over the articulation of the lower jaw. They are of medium 
size, nearly circular in outline, their plane looking outward and 
slightly backward. No indications of sclerotic plates have 
been found either in Diplodocus or the other genera of Sauropoda. 

The supra-temporal fossa is small, oval in outline, and 
directed upwards and outwards. The lateral temporal fossa is 
elongated, and oblique in position, bounded, both above and 
below, by rather slender temporal bars. 

The pre-frontal and lachrymal bones are both small, the 
suture connecting them, and also that uniting the latter with 
the jugal, cannot be determined with certainty. 

The post-frontals are trisradiate bones. The longest and 
most slender branch is that descending downward and forward 
fer connection with the jugal; the shortest is the triangular 
projection directed backward, and fitting into a groove of the 
squamosal; the anterior branch, which is thickened and ru- 
gose, forms part of the orbital border above. 

The squamosal lies upon the upper border of the par-occipi- 
tal process. The lower portion is thin, and closely fitted over 
the head of the quadrate. 

The quadrate is elongated, slender, with its lower end 
projecting very remarkably forward. In front, it has a thin 
plate extending inward, and overlapping the posterior end of 
the pterygoid. 

The quadrato-jugal is an elongate bone, firmly attached pos- 
teriorly to the quadrate by its expanded portion. In front 
of the quadrate, it forms for a short distance a slender bar, 
which is the lower temporal arcade. 


The palate is very high and roof-like, and composed chiefly 
of the pterygoids. The basi-pterygoid processes are elongate, 
much more so than in the other genera of Sauropoda. 

The pterygoids have a shallow cavity for the reception of 
these processes, but no distinct impression for a columella. 
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Immediately in front of this cavity, the pterygoids begin to 
expand, and soon form a broad, flat plate, which stands 
nearly vertical. Its upper border is thin, nearly straight, and 
extends far forward. ‘The anterior end is acute, and unites 
along its inferior border with the vomer. A little in front of 
the middle, a process extends downward and outward for union 
with the transverse bone. In front of this process, uniting 
with it and with the transverse bone, is the palatine. 

The palatine is a small semi-oval bone fitting into the concave 
anterior border of the pterygoid, and sending forward a slen- 
der process for union with the small palatine process of the 
maxillary. 

The vomer is a slender, triangular bone, united in front by 
its base to a stout process of the maxillary, which underlaps 
the ascending process of the premaxillary. Along its upper 
and inner border, it unites with the pterygoid, except at the 
end, where for a short distance it joins a slender process from 
the palatine. Its lower border is wholly free. 


THE BRAIN. 


The brain of Diplodocus was very small, as in all Dinosaurs 
from the Jurassic. It differed from the brain of the other 
members of the Sauwropoda, and in fact from all other known 
reptiles, in its position, which was not parallel with the longer 
axis of the skull, as is usually the case, but inclined to it, the 
front being much elevated, as in the Ruminant mammals. 
Another peculiar feature of the brain of Diplodocus was its 
very large pituitary body, enclosed in a capacious fossa below 
the main brain case. This character separates Diplodocus at 
once from the Adantosuuride, which have a wide pituitary 
canal connecting the brain cavity with the throat. In the 
Morosauride, the pituitary fossa is quite small. 

The posterior portion of the brain of Diplodocus was diminu.- 
tive. The hemispheres were short and wide (Plate IV, figure 
1), and more elevated than the optic region. The olfactory 
lobes were wei] developed, and separated in front by a vertical 
osseous septum. The very close proximity of the external 
nasal opening is a new feature in Dinvsaurs, and appears to 
be peculiar to the Sauwropoda. 


THE LOWER JAWS. 


The lower jaws of Diplodocus are more slender than in any 
of the other Sawropoda. The dentary especially lacks the 
massive character seen in Morosaurus, and is much less robust 
than the corresponding bone in Brontosaurus. The short den- 
tigerous portion in front is decurved (Plate III, figure 1), and 
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its greatest depth is at the symphysis. The articular, angular, 
and subangular bones are well developed, but the coronary and 
splenial appear to be small. 


THE TEETH. 


The dentition of Diplodocus is the weakest seen in any of the 
known Dinosauria, and strongly suggests the probability that 
some of the more specialized members of this great group were 
edentulous. The teeth are entirely confined to the front of the 
jaws (Plate III, figure 1), and those in use were inserted in 
such shallow sockets that they were readily detached. Speci- 
mens in the Yale museum show that entire series of upper or 
lower teeth could be separated from the bones supporting them 
without losing their relative position. In Plate IV, figure 2, a 
number of these detached teeth are shown. This series of 
teeth was found with the remains of Stegosaurus, and hence 
was at first referred to that genus, as was also the specimen 
represented in figure 3 of the same plate.* The teeth of Stego- 
saurus are now known to be of a different type, somewhat 
resembling those of Scelidosaurus. 

The teeth of Diplodocus are cylindrical in form, and quite 
slender. The crowns are more or less compressed transversely, 
and are covered with thin enamel, irregularly striated. The 
fangs are long and slender, and the pulp cavity is continued 
nearly or quite to the crown. In the type specimen of Diplo- 
docus, there are four teeth in each premaxillary, the largest of 
the series; nine in each maxillary; and ten in each dentary of 
the lower jaws. There are no palatine teeth. 

The jaws contain a single row only of teeth in actual use. 
These are rapidly replaced, as they wear out or are lost, by a 
series of successional teeth, more numerous than is usual in 
these reptiles. Plate IV, figure 3, represents a transverse sec- 
tion through the maxillary, just behind the fourth tooth. The 
latter is shown in place (1), and below it is a series of five im- 
mature teeth (2 to 6), in various stages of development, prepar- 
ing to take its place. These successional teeth are lodged in a 
large cavity (c), which extends through the whole dental por- 
tion of the maxillary. The succession is also similar in the 
premaxillary teeth, and in those of the lower jaws. 


THE VERTEBR2. 


The vertebral column of Diplodocus, so far as at present 
known, may be readily distinguished from that of the other 
Sauropoda by both the centra and chevrons of the caudals. 


* This Journal, xix, p. 255, March, 1880. 
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The former are elongated, and deeply excavated below, as 
shown in Plate IV, figures 4 and 5. The chevrons are espe- 
cially characteristic, and to their peculiar form the generic 
name Diplodocus refers. They are double, having both anterior 
and posterior branches, and the typical forms are represented 
in figures 6 and 7 of the same plate. 


THE PELVIC GIRDLE. 


The most characteristic bone of the two families of Sauropoda 
previously described is the ischium. In the Atlantosauride, 
the ischia are massive, and directed downward, with their ex- 
panded extremities meeting on the median line. In the JJoro- 
sauride, the ischia are slender, with the shaft twisted about 90°, 
directed backward, and the sides meeting on the median line, 
thus approaching this part in the more specialized Dinosaurs. 
The ischia referred to the genus Diplodocus, representing the 
new family here estabiished, are intermediate in form and posi- 
tion between those above mentioned. The shaft is not 
expanded distally, nor twisted, and was directed downward 
and backward, with the ends meeting on the median line. 


S1zE AND HaBITs. 


The type specimen of Diplodocus, to which the skull here 
figured apparently belongs, indicates an animal intermediate 
in size between Af/antosaurus and Morosaurus, probably 40 or 
50 feet in length, when alive. The teeth show that it was her- 
bivorous, and the food was probably succulent vegetation. 
The position of the external nares indicates an aquatic life. 

The remains of the above specimen were found by S. W. 
Williston and M. P. Felch in the upper Jurassic beds, near 
Cafion City, Colorado. A second and smaller species is repre- 
sented by remains found by Arthur Lakes near Morrison, Col- 
orado. This species, which may be called Diplodocus lacustris, 
has much more slender jaws than the one above described. A 
maxillary bone contains eight teeth, and at the premaxillary 
suture measures 26™™ in thickness. The series of teeth occupy 
a space of 70™™. A second specimen of apparently the same 
species has since been found in Wyoming. 

The geological horizon of all the Sauwropoda from the Rocky 
Mountain region is in the Atlantosaurus beds of the upper 
Jurassic. No Cretaceous forms of this group are known. 
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CLASSIFICATION. 


The main characters of the order Sauwropoda, and of the three 
families now known to belong to it, are as follows: 
Order SAUROPODA. 


Premaxillary bones with teeth. Large antorbital opening. 
Anterior nares at apex of skull. Post-occipital bones. Anterior 
vertebra opisthoceelian ; pre-sacral vertebrie hollow; each sacral 
vertebra supports its own transverse process. Fore and hind 
limbs nearly equal; limb bones solid. Feet plantigrade, ungu- 
late; five digits in manus and pes; second row of carpal and 
tarsal bones unossified. Sternal bones parial.* Pubes projecting 
in front, and united distally by cartilage ; no post-pubis. 


(1.) Family Atlantosauride. <A pituitary canal. Ischia directed 
downward, with expanded extremities meeting on median 
line. Sacrum hollow. Anterior caudals with lateral 
cavities. 


(2.) Family Diplodocide. Dentition weak. Brain inclined back- 
ward, Large pituitary fossa. Two antorbital openings. 
Ischia with straight shaft, not expanded distally, directed 
downward and backward, with ends meeting on median 
line. Caudals deeply excavated below. Chevrons with 
both anterior and posterior branches. 


(3.) Family Morosauride. Small pituitary fossa. Ischia slen- 
der, with twisted shaft, directed backward, and sides 
meeting on median line. Anterior caudals solid. 


The Sauropoda are the order of Dinosaurs having the nearest 
affinities with the Crocodilia, especially through some of the 
extinct forms. Dvplodocus, for example, resembles Belodon of 
the Triassic, particularly in the large antorbital vacuities of 
the skull, the posterior position of the external nasal aperture, 
as well as in other features. The genus Aefosaurus, from the 
same formation, is an intermediate form, and represents a dis- 
tinct order, which may be called Aelosauria. The nearer rela- 
tions of these groups will be discussed by the writer elsewhere. 

Yale College, New Haven, Jan. 21, 1884. 


* Ceteosaurus has been figured with a single sternal bone by Phillips and other 
authorities. The writer recently examined the original specimen at Oxford, and 
found portions of two of these bones, which strongly resemble the sternal plates 
of American Sauropoda. 


EXPLANATION OF PLATES. 


PLATE III. 


FiGuRE 1.—Skull of Diplodocus longus, Marsh; side view. 
Figure 2.—The same skull; front view. 
FIGURE 3.—The same skull: top view. 


All the figures are one-sixth natural size. 


PLATE IV. 


FigurE 1.—Skull and brain-cast of Diplodocus longus, Marsh; seen from above, 
one-sixth natural size; a. aperture in maxillary; 6, antorbital opening; c, 
nasal opening; c’, cerebral hemispheres; d, orbit; e, lower temporal fossa; 
f, frontal bone; /’, fontanelle; m, maxillary bone; m’, medulla; 7, nasal 
bone; oc, occipital condyle; ol, olfactory lobes; op, optic lobe; p, parietal 
bone; pf, pre-frontal bone; pm, pre-maxillary bone; q, quadrate bone; q/, 
quadrato-jugal bone. 


FIGURE 2.—Maxillary teeth of Diplodocus longus, Marsh; side view, one-half 
natural size; e, enamel; 7, root. 


FiguRE 3.—Section of maxillary of Diplodocus longus, Marsh; one-half natural 
size, showing functional tooth (fourth) in position, and five successional teeth 
in dental cavity; a, outer wall; 6, inner wall; c, cavity; f, foramen. 


FIGURE 4.--Twelfth caudal vertebra of Diplodocus longus, Marsh; side view, one- 
sixth natural size; c, anterior face for chevron; c’, posterior face for chevron; 
s, neural spine; 2, pre-zygapophysis; 2’, post-zygapophysis. 


FiaurRE 5.—The same vertebra; bottom view; size and letters as in Fig. 4. 


FiguRE 6.—Chevron found attached to tenth and eleventh vertebra of Diplodocus 
longus, Marsh; top and side views, one-tenth natural size; a, anterior end; 
p, posterior end; », faces for articulation with vertebre. 


FicuRE 7.-—Chevron of another individual: top and side views; size and 
letters as in Fig. 6, 
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SKULL OF DIPLONOCUS LONGUS, Marsh. One-sixth natural size. 
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DIPLODOCUS LONGUS, Marsh. 
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